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ABSTRACT
The f o r e s t  t e n t  c a t e r p i l l a r  (FTC), Malacosoma d i s s t r i a  Hbn. 
( L e p id o p te r a :  L a s io c a m p id a e ) , has caused n o t i c e a b l e  d e f o l i a t i o n
t o  t u p e l o  gum, Nyssa a q u a t i c a  L . ,  in  s o u th e r n  Lou i s iana  s in c e  
1943. Th is  s p e c i e s  has a t remendous p o p u l a t i o n  growth p o t e n t i a l  
and in  epidemic y e a r s  can t o t a l l y  exceed i t s  h o s t  f o l i a g e  
r e s o u r c e .
FTC egg ha tch  in  L o u i s ia na  o c c u r r e d  a f t e r  an average  of 
1 ,284  degree  days u s ing  a beg inn ing  o v e rw in t e r i n g  p e r io d  of  
December 1 and a t h r e s h o l d  t e m p e ra tu re  of  4 .4°C (4 0 °F ) .
Larval  development  proceeded  th rough  f i v e  i n s t a r s  in  
L o u i s i a n a .  Adul t  emergence and egg o v i p o s i t i o n  was completed by 
th e  second week i n  J u n e .  Two s p e c i e s  of  egg p a r a s i t o i d s ,  
Ooencyr tus  c l i s i o c a m p a e  (Ashmead) and Ab le rus  c l i s io c a m p a e  
(Ashmead), were r e s p o n s i b l e  f o r  96.8% of  t h e  t o t a l  FTC egg 
m o r t a l i  t y .
A n a ly s i s  of  p a r t i a l  l i f e  t a b l e s  deve loped  from t h r e e  s tudy 
s i t e s  over  two f i e l d  seasons  r e v e a l e d  t h a t  g e n e r a t i o n  s u r v i v o r s h i p  
was 1.1%. F r a s s  t r a p s  were found to  be v a lu a b l e  means of  index ing  
w i th in  g e n e r a t i o n  FTC p o p u l a t i o n  changes .
Larval  and pupal p a r a s i t i s m  v a r i e d  between s i t e s  and y e a r s  
with Sarcophaga houghi A ld r ich  be in g  t h e  only p a r a s i t o i d  
r e s p o n s i b l e  f o r  c o n s i s t e n t  and s i g n i f i c a n t  FTC m o r t a l i t y .
x
Two concep tua l  FTC d e f o l i a t i o n  models were c o n s t r u c t e d  t o  
p r e d i c t  d e f o l i a t i o n  by the  FTC. The F o r e s t  Land Manager Model 
p r e d i c t s  over  broad p o p u l a t i o n  c l a s s e s  u t i l i z i n g  a minimum of  
d a t a .  The F o r e s t  P e s t  Management Model r e q u i r e s  severa l  
subsystems developed in  t h i s  d i s s e r t a t i o n  to  be u se fu l  in  
p r e d i c t i n g  d e f o l i a t i o n .  V ar iances  of  a l l  e s t i m a t e s  a re  necessa ry  
f o r  t h i s  model t o  f u n c t i o n .
I .  INTRODUCTION
The f o r e s t  t e n t  c a t e r p i l l a r  (Malacosoma d i s s t r i a  Hubner) i s  
found t h ro u g h o u t  t h e  Uni ted  S t a t e s  and Canada wherever  hardwoods 
grow. I t  i s  a n a t i v e  i n s e c t  f i r s t  n o t i c e d  dur ing  c o lo n i a l  t im e s .  
Regionwide ou tb re a k s  have oc c u r r e d  a t  i n t e r v a l s  vary ing  from 6-16 
y r  in  t h e  n o r t h e r n  United  S t a t e s  and in  Canada ( B a tz e r  and Morris
1978) .
Alabama and L o u i s i a n a  have had c on t inuous  i n f e s t a t i o n s  of 
f o r e s t  t e n t  c a t e r p i l l a r  (FTC) in  w a te r  t u p e l o  swamps s i n c e  1948. 
D e f o l i a t i o n  has o c c u r r e d  a n n u a l ly  on p o r t i o n s  of  1 - 1 .5  m i l l i o n  ha 
of  gum f o r e s t s .  In  L o u i s i a n a ,  heavy d e f o l i a t i o n  by FTC has 
o c c u r r e d  ove r  as  much as 250 ,000  ha du r in g  a s i n g l e  season (Nachod 
and Kucera 1971, Nachod 1977) .  Complete d e f o l i a t i o n  by FTC in  
Michigan reduced aspen growth by 67% ( D i l l s  and Day 1950) .  In 
O n t a r i o ,  complete  d e f o l i a t i o n  r e s u l t e d  in  an 80% r a d i a l  growth 
l o s s  (Rose 1958) .  In Minneso ta ,  s e v e r a l  y e a r s  of d e f o l i a t i o n  
produced an 88% r e d u c t io n  in r a d i a l  growth ( B a tz e r  e t  a l .  1954, 
B a t z e r  1955) .
S t u d i e s  i n  M inneso ta ,  6-10 y r  a f t e r  d e f o l i a t i o n  ended,  
showed t h a t  m o r t a l i t y  caused by i n s e c t s ,  N e c t r i a  and Hypoxylon 
c a n k e r s ,  and "unknown" c auses  was g r e a t e s t  in s t a nds  t h a t  had 
t h r e e  y r  of  heavy d e f o l i a t i o n  (C h u r c h i l l  e t  a l . 1964) .  In a n o th e r  
s t u d y ,  two y r  a f t e r  t w o - t h r e e  seasons  of  heavy d e f o l i a t i o n ,  more 
t h a n  80% of  t h e  h o s t  t r e e s  had dead twigs ( B a tz e r  1955) .
Abrahamson and Harper  (1973) found t h a t  up t o  45% of t h e  i n c r e ­
mental  growth was l o s t  due t o  FTC d e f o l i a t i o n  dur ing  a f i v e  y r  
impact  s tudy  in  Alabama. No s t u d i e s  of  p o p u l a t io n  dynamics of  FTC 
have been i n i t i a t e d  in  L o u i s ia na  p r i o r  to  t h i s  e f f o r t .
Within t h e  p a s t  20 y r ,  systems a n a l y s i s  t e c h n iq u e s  have 
been i n t r o d u c e d  i n t o  many of  the  economic p e s t  management 
programs.  The c o n s t r u c t i o n  of  models f o r  p e s t  s p e c i e s  has 
u s u a l l y  c o n s i s t e d  of  a h o s t  pi a n t - f o o d  r e s o u r c e  model coupled  with 
an i n s e c t  p o p u l a t i o n  dynamics model . The D o u g l a s - f i r  P e s t  
Management System i s  an example of  e f f e c t i v e  combina t ion of  the  
h o s t  p l a n t  ( s t a n d  p r o g n o s i s  model) and p o p u la t io n  dynamics 
( D o u g l a s - f i r  Tussock Moth Outbreak Model) of  t h e  p e s t  (Anonymous
1978) .  The r e s u l t  of  t h i s  r e s e a r c h  i s  t h a t  a f o r e s t  manager i s  
a b l e  to  p r e d i c t  t h e  p ro b ab le  outcome of  a D o u g l a s - f i r  t u ssoc k  moth 
ou tbreak  and t h e  e f f e c t s  of  management d e c i s i o n s  d e a l in g  wi th  such 
an o u t b re a k .
To d a t e ,  a l l  p o p u l a t i o n  s t u d i e s  and most p r e d i c t i v e  r e s e a rc h  
work f o r  t h e  FTC were completed f o r  a r e a s  in  t h e  n o r th e r n  Uni ted  
S t a t e s  and in  Canada. S p e c i f i c a l l y ,  the  o b j e c t i v e s  of  t h i s  
r e s e a r c h  were des ig ned  t o :  1) develop a l i f e  t a b l e ( s )  f o r  FTC
p o p u l a t i o n s  in s o u th e r n  L o u i s i a n a ;  2) use  the  d a ta  from t h e  l i f e  
t a b l e s  and l o c a l  f o r e s t  s t a n d  t a b l e s  t o  b u i l d  a mathematical  model 
which w i l l  a id  in  p r e d i c t i n g  annual  d e f o l i a t i o n  by th e  FTC;
3) develop th rough  l a b o r a t o r y  r e a r i n g  an u n d e r s t a n d in g  of  FTC 
growth and f ee d in g  as  wel l as  f o l i a g e  consumption and f r a s s
p r o d u c t io n  so t h a t  f i e l d  measures  of  t h e s e  pa ram ete rs  msy be 
q u a n t i f i e d  and used f o r  model ing p u rpose s ;  4) d e s c r i b e  a p r a c t i c a l  
method f o r  p r e d i c t i n g  FTC p o p u l a t i o n s ,  through egg sampling 
t e c h n i q u e s  and degree  day s t u d i e s ,  b e fo r e  t h e  FTC egg h a t c h ,  and 
th e  da te  of  h a t c h ,  in  t h e  s p r i n g  o f  t h e  y e a r ;  and 5) use f r a s s  
t r a p p i n g  as a p r a c t i c a l  way of index ing  FTC p o p u l a t i o n s  in the  
f i e l d .  By meet ing  t h e s e  o b j e c t i v e s ,  t h e  p r a c t i c i n g  f o r e s t e r  w i l l  
have a p r a c t i c a l ,  p r e d i c t i v e  too l  t o  f o r e c a s t  FTC p o p u l a t i o n s  and 
f o rm u la t e  p lans  t o  c o n t r o l  adve rse  numbers of  FTC. A p r a c t i c a l  
p r e d i c t i v e  model f o r  FTC d e f o l i a t i o n  i s  the  idea l  goal of 
t h i s  r e s e a r c h  e f f o r t  and i s  t h e  theme of t h i s  d i s s e r t a t i o n .
Concern over  t h e  lack  of  techno logy  to  p r e d i c t  d e f o l i a t i o n  and th e  
p o t e n t i a l  f u t u r e  economic va lue  of  t h e  h os t  t r e e s  s t i m u l a t e d  t h i s  
r e s e a r c h  e f f o r t .
I I .  LITERATURE REVIEW
F o r e s t  D ens i ty  and F o l i a g e  Resource -  En tomolog is t s  have 
e n c o u n te re d  many l o g i s t i c a l  problems a s s o c i a t e d  wi th  de te rm in ing  
f o r e s t  d e n s i t y  and f o l i a g e  r e s o u r c e  of  h o s t  t r e e s .  Hodson (1941) 
f i r s t  a p p r e c i a t e d  the  need to  develop f o l i a g e  r e s o u r c e  e s t i m a t e s  
t o  a i d  in  t h e  p r e d i c t i o n  of  d e f o l i a t i o n  by the  FTC. Hodson 
accompli shed  t h i s  u s ing  aspen t r e e s  to  develop  average  consumption 
r a t e s  pe r  i n d i v i d u a l  FTC and r e l a t i n g  t h e s e  r a t e s  t o  an average  
number of  l e a v e s  p e r  t r e e  wi th  an average  a r e a  pe r  l e a f .
Leaves of hardwoods weigh more per  u n i t  a r e a  a t  t h e  tops  of  
t r e e s  than  f o l i a g e  a t  lower l e v e l s  ( P o t t s  1938) .  A lso ,  hardwood 
l e a v e s  a r e  s m a l l e r  in  t ops  of  t r e e s  than  a t  t h e  bo t toms,  and th e  
d i f f e r e n c e s  between l e a v e s  in the  top and lower crowns a re  g r e a t e r  
in  c lo s e d  (dense)  t im b e r  s t a n d s  than in  open s t a n d s  (Kulman 1971) .  
R e f o l i a t e d  l e a v e s  were s m a l l e r  than  normal ,  and subnormal s i z e  
l e a v e s  were found in  90% and 25% of  t h e  t r e e s  in  t h e  f i r s t  and 
second y r  a f t e r  t h r e e  c o n s e c u t iv e  y r  of  d e f o l i a t i o n  (Duncan and 
Hodson 1958) .  Heichel  and Turner  (1976) found t h a t  manual 
d e f o l i a t i o n  of  oak and red maple reduced r a d i a l  stem growth and 
reduced  t h e  subsequen t  s i z e  of  l e a v e s  r e f o l i a t i n g  th e  a f f e c t e d  
t r e e .  Mason (1981) d i s c o v e r e d  t h a t  D o u g l a s - f i r  tu ssock  moth 
l a r v a e ,  Orgyia  pseudotsuga  (McDunnough), produced h i g h e r  popu­
l a t i o n s  on h o s t  t r e e s  which had high p l a n t  m o is tu re  s t r e s s  and 
were l o c a t e d  on l e s s  f e r t i l e  s i t e s  ( a s  compared to  s i t e s  with 
o p p o s i t e  c o n d i t i o n s ) .
Ec o log ic a l  L i f e  T a b le s  -  The p o p u l a t i o n  dynamics of  any 
s p e c i e s  r e s u l t s  from complex i n t e r a c t i o n s  between i n n a t e  
c a p a c i t i e s  of  each member of the  p o p u l a t i o n  and environmental  
c o n s t r a i n t s .  Andrewartha and Birch (1954) d e s c r i b e d  i n n a t e  
c a p a c i t i e s  in  terms of mean va lue s  f o r  t h e  p o p u l a t io n  which 
i n c l u d e  th e  b i r t h  r a t e ,  the  dea th  r a t e ,  and th e  r a t e  of  d e ve lop ­
ment . The i n n a t e  c a p a c i t y  f o r  i n c r e a s e  i s  a d e s c r i p t i v e  s t a t i s t i c  
which i s  used to  d e s c r i b e  the  growth p o t e n t i a l  of  a p o p u l a t i o n  
w i th  a s t a b l e  age d i s t r i b u t i o n  under  a d e f in e d  environment  
(Andrewartha and Bi rch 1954) .  The i n n a t e  c a p a c i t y  f o r  i n c r e a s e  
has  been used to  compare: 1) growth p o t e n t i a l  of d i f f e r e n t
p o p u l a t i o n s  of t h e  same s p e c i e s  (Orphanides  and Gonzales  1971);  2) 
growth p o t e n t i a l  of  d i f f e r e n t  s p e c i e s  (Messenger 1964, Force 
1970) ;  and 3) e f f e c t s  of  v a r i a b l e  env ironments  upon the  growth 
p o t e n t i a l  o f  the  same p o p u l a t i o n  (Messenger  1964, Tanigoshi  e t  a l . 
1975, H e r b e r t  1981) .  The d a ta  r e q u i r e d  to  c a l c u l a t e  t h e  i n n a t e  
c a p a c i t y  f o r  i n c r e a s e  of  a p o p u l a t i o n  in c l u d e  an age schedu le  of 
s u r v i v o r s h i p  of  the  female  p o p u l a t i o n  and an age schedu le  o f  
f e c u n d i t y  f o r  t h a t  p o p u l a t i o n  (Birch  1948) .  This  in fo rm a t io n  i s  
summarized in  l i f e  t a b l e s .
L i f e  t a b l e s  have been c o n s t r u c t e d  to  summarize t h e  dynamics 
of  both l a b o r a t o r y  and n a tu r a l  p o p u l a t i o n s .  The f i r s t  e x p e r i ­
mental  l i f e  t a b l e s  f o r  an i n s e c t  s p e c i e s ,  D r o soph i l a  m ela n o g as t e r  
Meigen, were c o n s t r u c t e d  by Pearl  and P a rker  (1921) .  Morr is and 
M i l l e r  (1954) adap ted  t h i s  approach ,  deve lop ing  e c o lo g i c a l  l i f e
t a b l e s  f o r  n a t u r a l  i n s e c t  p o p u l a t i o n s .  H arcour t  (1969) reviewed 
t h e  r o l e  of l i f e  t a b l e s  in  t h e  d i s c i p l i n e  of p o p u la t io n  dynamics 
and th e  t e c h n i q u e s  r e q u i r e d  in  t h e  c o n s t r u c t i o n  of  r e l i a b l e  
e c o l o g i c a l  l i f e  t a b l e s .  C ruc ia l  to  t h e  c o n s t r u c t i o n  of  any l i f e  
t a b l e  i s  a sampling scheme which r e s u l t s  in  a c c u r a t e  e s t i m a t e s  of  
age s p e c i f i c  d e n s i t y .  For  many i n s e c t  s p e c i e s ,  t h i s  i s  a d i f f i ­
c u l t  t a s k .  Success ive  developmental  s t a g e s  may o v e r l a p ,  and a 
d i r e c t  e s t i m a t e  of  t h e  number e n t e r i n g  a s t a g e  cannot  be e a s i l y  
be o b t a i n e d  from a s e r i e s  of  samples .  Southwood (1978) d e s c r i b e d  
s e v e r a l  methods which have been used t o  o b t a i n  a c c u r a t e  age 
s p e c i f i c  d e n s i t y  e s t i m a t e s .  The s i m p l e s t  method i s  the  a r e a -  
unde r -  t h e - c u r v e  t e c h n i q u e  which was used to  o b t a i n  d e n s i t y  
e s t i m a t e s  of  O s c i n e l l a  f r i t  L. (Southwood and Jepson  1962) . The 
d i f f e r e n c e  between t h e  age s p e c i f i c  d e n s i t i e s  of  any two su c ce s ­
s i v e  s t a g e s  i s  an e s t i m a t e  of  the  p o p u l a t i o n  change r e s u l t i n g  from 
v a r i o u s  f a c t o r s ,  e . g . ,  im m igra t ion ,  e m i g r a t io n ,  p a r a s i t i s m ,  
p r e d a t i o n ,  d i s e a s e ,  s t a r v a t i o n ,  u n f a v o r a b le  w ea the r ,  e t c .  A f t e r  
t h e  c o n s t r u c t i o n  of  l i f e  t a b l e s  f o r  s e v e r a l  s u c c e s s iv e  genera ­
t i o n s ,  s u r v i v o r s h i p  h i s tog ram s  or  cu rves  can be drawn t o  
i l l u s t r a t e  t h e  l i f e  s t a g e ( s )  which m o r t a l i t y  impacts  the  most 
( P r i c e  1975) .
P r i c e  (1975) d e s c r i b e d  two b a s i c  s u r v i v o r s h i p  curves  based on 
the  d a ta  from 22 d i f f e r e n t  l i f e  t a b l e s .  Type "A" shows very high 
m o r t a l i t y  in  e a r l y  s t a g e s  wi th  more than  70% of  t h e  t o t a l  
m o r t a l i t y  o c c u r r in g  b e f o r e  t h e  m i d - l a r v a l  s t a g e .  Many s p e c i e s
e x h i b i t i n g  t h i s  type  of  curve  a r e  f r e e  l i v i n g  and exposed t o  
m o r t a l i t y  agen ts  e a r l y  in  developmental  s t a g e s .  Members exh ib ­
i t i n g  th e  type  "B" curve  normally  have 40% or  l e s s  m o r t a l i t y  by
t h e  m i d - l a r v a l  s t a g e s .  U s ua l ly ,  t h e s e  s p e c i e s  l i v e  in  p r o t e c t e d
h a b i t a t s  du r in g  e a r l y  developmental  s t a g e s .
S lobodkin  (1962) t h e o r i z e d  t h a t  fou r  d i f f e r e n t  s u r v i v o r s h i p  
curves  e x i s t .  Type one i s  a curve  where m o r t a l i t y  a c t s  most  
h e a v i l y  on th e  o ld  i n d i v i d u a l s .  In type  two t h e  m o r t a l i t y  r a t e  i s  
c o n s t a n t  pe r  u n i t  of  t im e .  The type  t h r e e  curve  shows the  mor­
t a l i t y  r a t e  to  be c o n s t a n t ,  and t h e  type  fou r  curve d e p i c t s  
m o r t a l i t y  as  be ing  h e a v i e s t  on young members of the  p o p u l a t i o n .  
S u r v iv o r s h ip  curves  sometimes i n d i c a t e  t h e  most v u l n e r a b l e  s t a g e s  
of  i n s e c t s  and can l e a d  to  c o n t r o l  measures  based on t h e s e  s t a g e s .
The p o p u l a t i o n  dynamics of  FTC have not  been i n v e s t i g a t e d  f o r  
Lou i s iana  or  t h e  Gulf c o a s t  r eg ion  of  t h e  United  S t a t e s .  W i t t e r  
e t  a l . (1972) de te rmined  t h a t  t h e  m o r t a l i t y  f a c t o r s  which 
i n f l u e n c e d  FTC p o p u l a t i o n s  in  Minnesota  a r e  most p robab ly  due to  a 
combina t ion  of :  1) p h a r a t e  l a r v a l  m o r t a l i t y ;  2) f i r s t  s t a g e
l a r v a l  m o r t a l i t y  caused  by s p r i n g  f r o s t s ;  and 3) pupal p a r a s i t i s m  
by Sarcophaga a l d r i c h i  P a r k e r .  Th is  was updated by W i t t e r  (1979) 
t o  i n c l u d e  th e  e f f e c t s  of  high l a t e  l a r v a l  m o r t a l i t y  from
s t a r v a t i o n  due to  food  d e p l e t i o n .
Dodge (1961) found t h a t  Sarcophaga houghi A ld r i c h  reached  
l e v e l s  o f  60% t o  90% p a r a s i t i s m  when FTC p o p u l a t i o n s  reached  high 
l e v e l s .  S t a rk  and Harper  (1982) found S.  houghi did no t  r e g u l a t e
FTC p o p u l a t i o n s  in  Alabama and d id  not  f i n d  any i n s t a n c e  where 
p a r a s i t i s m  by t h i s  m o r t a l i t y  agen t  exceeded 50%. S t a rk  and Harper  
f u r t h e r  found t h a t ,  i n  Alabama, most p o p u la t io n  r e g u l a t i o n  cou ld  
be a t t r i b u t e d  to  s t a r v a t i o n  due to  i n t r a s p e c i f i c  c o m p e t i t io n  f o r  
food.
M o r t a l i t y  f a c t o r s  have been i d e n t i f i e d  f o r  Minnesota  ( W i t t e r  
and Kulman 1972b, 1979) and Alabama (S ta rk  and Harper  1982) .
These c o n s i s t  of  p a r a s i t o i d s ,  p r e d a t o r s  ( i n c l u d i n g  th o se  o t h e r  
than i n s e c t s ) ,  and m ic rob ia l  a g e n t s .  O l iv e r  (1964) ,  r e p o r t e d  
s a rc o p h a g id  f l i e s  as m o r t a l i t y  agen ts  of  t h e  FTC in L o u i s i a n a .
Egg Mass Sampling -  Egg mass sampling i s  o f t e n  the  most con­
v e n i e n t  way f o r  p r a c t i c i n g  f o r e s t e r s  to  e s t i m a t e  FTC p o p u l a t i o n s .  
Shepherd and Brown (1971) deve loped  a s e q u e n t i a l  sampling scheme 
t o  p r e d i c t  FTC d e f o l i a t i o n  in  O n t a r i o .  The t ec h n iq u e  was based on 
sampling f o r  egg masses and r e l a t i n g  th e  numbers of  eggs per  t r e e  
t o  h i s t o r i c a l  r e c o r d s  f o r  a p r e d i c t i o n  of  FTC d e f o l i a t i o n .  W i t t e r  
e t  a l . (1975) found t h a t  egg d e n s i t i e s  ran g ing  from 400 ,000  t o  
3 ,6 00 ,0 00  p e r  ha caused comple te  d e f o l i a t i o n  of  aspen t r e e s  in 
Minnesota .  Abrahamson and Harper  (1973) found t h a t  egg mass 
d e n s i t i e s  equal  t o  o r  g r e a t e r  than  2 . 5  egg masses pe r  122 cm 
(4 f t )  branch  sample r e s u l t e d  in  complete  d e f o l i a t i o n  in  Alabama. 
Hodson (1941) found t h a t  eggs w i t h in  egg masses could be counted 
e f f i c i e n t l y  with l i t t l e  e r r o r  by c o un t ing  the  number of  eggs 
su r round ing  th e  branch and m u l t i p l y i n g  t h i s  number t imes the  
number of  eggs in  one row of  t h e  mass.  W i t t e r  e t  a l . (1972)
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d i s c o v e r e d  t h a t  f e r t i l i t y  and egg p a r a s i t e s  cou ld  be e f f e c t i v e l y  
counted  by c u t t i n g  t h e  tops  from approx im ate ly  20% of  each egg 
mass.  Goyer ( u n p u b l i shed ,  L o u i s ia na  S t a t e  U n i v e r s i t y ,  Baton 
Rouge, Lou i s ia na )  found t h a t  the  number of  eggs pe r  mass cou ld  be 
e s t i m a t e d  u s ing  an equa t ion  deve loped from 500 egg masses 
c o l l e c t e d  in  south  L o u i s i a n a .  This  va lue  i s  404 .3  t im es  the  
l e n g t h  ( i n  cm) of  the  egg mass ( r ^  = . 9 8 ) .
Larval  Sampling ( P o p u la t i o n  Index ing)  -  Larval p o p u l a t i o n s  
a r e  d i f f i c u l t  t o  sample and e s t i m a t e .  F r a s s  t r a p p i n g  i s  one way 
of i ndex ing  p o p u l a t i o n s  and e s t i m a t i n g  FTC s u r v i v a l  in  a f o r e s t  
env ironment .  Hodson (1941) found t h a t  i n s e c t  numbers cou ld  be 
indexed  by u s ing  f r a s s  t r a p s  to  c a tc h  f r a s s  in  f i e l d  s i t u a t i o n s .  
Mason (1981) found t h a t  t h e  number of D o u g l a s - f i r  tu ssock  moths in 
t h e  crowns of t r e e s  was d i r e c t l y  r e l a t e d  t o  t h e  amount of  f r a s s  
c a ugh t  in  t r a p s  a t  the  ground l e v e l .  F r a s s  p r o d u c t io n  can be 
a f f e c t e d  by many f a c t o r s :  1) t h e  i n s t a r  and g e n e r a t i o n  (F r iden
1958, Iwao 1962) ;  2) t h e  t e m p e ra tu re  and humidi ty  (Morr is  1949,  
Green and de F r e i t a s  1955, Pond 1961);  3) t h e  p l a n t  s p e c i e s  and 
i t s  c o n d i t i o n  (Waldbauer 1964) ;  4) t h e  developmental  r a t e  as 
de te rmined  by th e  phenology of  t h e  season (T inbe rgen 1960);  and 
5) t h e  p re se nc e  of  a d u l t  p a r a s i t e s  (Green and de F r e i t a s  1955) .  
Tinbergen  (1960) found t h a t  in  s i x  out  of  seven y r ,  f r a s s - d r o p  
p rov ided  a r e l i a b l e  index of  sawfly p o p u l a t i o n s .  Tinbergen  
v e r i f i e d  t h i s  method by u s ing  o t h e r  p o p u l a t i o n  measurements as  
checks  a g a i n s t  t h e  f r a s s  t r a p  f i n d i n g s .
Heat Un i t  Accumulat ions -  Several  p rocedures  have been 
deve loped f o r  c a l c u l a t i n g  h e a t  u n i t  accum ula t io ns  (Lindsey and 
Newman 1956, Arnold 1960, Al len  1976,  Sevacher ian  e t  a l . 1977) .  
Arnold (1960) r e c o g n iz e d  t h a t  a p a r t  from th e  problems a s s o c i a t e d  
wi th  a c q u i r i n g  a c c u r a t e  t e m p e ra tu re  measurements ,  h e a t  u n i t  
accum ula t ions  p rov ided  only e s t i m a t e s  of  t h e  occu r rence  of  a 
d e s i g n a t e d  b i o l o g i c a l  e v e n t .  For  t h e  FTC, t h e  d a te  of ha tch  in 
the  s p r i n g  was t h e  e v e n t  to  be e s t i m a t e d .  The most a c c u r a t e  
p roce du re  f o r  accum ula t in g  h e a t  u n i t s  ( d eg re e  days) i s  t o  measure 
t h e  a r e a  under  a normal d a i l y  t e m p e ra tu re  curve  when th e  
t e m p e r a t u r e  exceeds t h e  t h r e s h o l d  f o r  development  (Arnold 1960) .  
The a p p l i c a b i l i t y  of  t h i s  p rocedu re  i s  l i m i t e d  t o  r e s e a r c h  where 
d e t a i l e d  t e m p e ra tu re  r e c o r d s  a re  k e p t .  Many t imes only t h e  d a i l y  
maximum and minimum t e m p e r a t u r e s  a re  r e c o r d e d .  Several  p rocedures  
have been deve loped  which r e c o n s t r u c t  d a i l y  t e m p e ra tu re  curves  
based  on maximum and minimum t e m p e r a t u r e s .  Lindsey and Newman 
(1956) deve loped  a method which e s t i m a t e d  the  t em p e ra tu re  curve  by 
t r i a n g u l a t i o n  between two c o n s e c u t iv e  minimum t e m p e ra tu re s  and th e  
a s s o c i a t e d  maximum t e m p e r a t u r e .  Sine curves  have been sugges ted  
f r e q u e n t l y  as  an adequate  method f o r  e s t i m a t i n g  the  normal 
t e m p e r a t u r e  curve  (Arnold 1960, Al len  1976) .  The e r r o r  between 
a c tu a l  t e m p e ra t u re  accum ula t ions  and e s t i m a t e s  based  on maximum 
and minimum t e m p e r a t u r e s  i s  small enough to  s u g g e s t  the  use of 
h e a t - u n i t  systems based on maximum and minimum t em p e ra t u re s  in  
most  commercial and some types  of  r e s e a r c h  work (Arnold 1960) .
Ives  (1973) used h e a t - u n i t  accum ula t io ns  based on maximum and 
minimum t em p e ra t u re s  t o  de te rmine  degree days f o r  p r e d i c t i n g  FTC 
p o p u l a t i o n  t r e n d s  in  O n t a r i o .  P a i r e d  comparisons showed t h a t  
y e a r s  with i n c r e a s i n g  p o p u l a t i o n s  had c o o l e r ,  o v e r w in t e r i n g  
p e r i o d s  and warmer e a r l y  f ee d ing  p e r i o d s  than did th o se  wi th  
d e c re a s in g  p o p u l a t i o n s .  The r e l a t i o n s h i p  between th e  FTC egg 
h a tc h  in  t h e  s p r i n g  and h e a t  accumula t ion  (degree  days) l e a d i n g  up 
t o  t h e  ha tch  has been documented by Mattson and Er ickson (1978) .  
T h i s  in fo r m a t io n  can be h e lp fu l  in  p r e d i c t i n g  th e  ha tch d a te  by 
summing degree  days du r in g  t h a t  y e a r ' s  o v e rw in t e r i n g  p e r i o d  and by 
comparing t h i s  wi th  ha tch  d a t e s  of  p o p u l a t i o n s  from o t h e r  y e a r s .
I n s e c t  Development  and N u t r i t i o n  -  I n s e c t  growth and f e e d in g  
i n d i c e s  p lay  an i m p o r ta n t  r o l e  in  t h e  development  of  a d e f o l i a t i o n  
model . Consumption r a t e s  u l t i m a t e l y  de te rm ine  th e  amount of  
d e f o l i a t i o n  a h o s t  p l a n t  w i l l  r e c e i v e .  For a l l  h e rb ivo rous  
L e p i d o p te ra ,  adequate  l a r v a l  n u t r i t i o n  i s  dependent  p r i n c i p a l l y  
upon th e  amount of  n i t r o g e n  i n g e s t e d  from the  h o s t  p l a n t  (Soo Hoo 
and Fraenkel  1966a,  1966b, Tay lor  and Bardner  1968, Feeny 1970, 
Schramm 1972,  S lansky and Feeny 1977) .  Herbaceous l e a v e s  a re  
c o n s id e r e d  to  be more n u t r i t i o u s  than woody shrub  o r  t r e e  l e a v e s  
( W h i t t a k e r  1966, Soo Hoo and Fraenkel  1966b,  Fraenkel  1953) .  
S c r i b e r  (1978) found t h a t  consumption r a t e s ,  conve rs ion  r a t e s ,  and 
growth r a t e s  were lower  in  t r e e - f e e d e r s  than h e r b - f e e d e r s  and t h a t  
the  d i f f e r e n c e  was p robab ly  r e l a t e d  t o  water  c o n t e n t  of t h e  
l e a v e s .  S c r i b e r  (1979) f u r t h e r  found t h a t  when l e a f - w a t e r  c o n te n t
of  f o l i a g e  i s  r educ e d ,  t h e  l a r v a l  growth r a t e  drops c o r r e ­
sp o n d in g ly .  These e f f e c t s  were more pronounced on t r e e  l e a f -  
f e e d e r s  than f o r b  l e a f - f e e d e r s .  Herbaceous l e a v e s  u s u a l l y  have a 
h i g h e r  n i t r o g e n  c o n t e n t ,  a h i g h e r  water  c o n t e n t ,  and a lower 
n o n - d i g e s t i b l e  f i b e r  c o n t e n t  than woody p l a n t s  ( S c r i b e r  and Feeny
1979) .  These d i f f e r e n c e s  o f t e n  become g r e a t e r  as t h e  season  
p r o g r e s s e s ,  p a r t i c u l a r l y  a f t e r  woody p l a n t s  cease  to  p u t  on new 
" f l u s h e s "  of  growth.
T r e e - f e e d i n g  l a r v a e  " a re  more s e n s i t i v e  t o  w a te r  c o n t e n t  of  
l e a v e s "  than f o r b - f e e d i n g  l a r v a e  ( S c r i b e r  1978, S c r i b e r  and Feeny
1979) .  S c r i b e r  (1977) found t h a t  t h e  n i t r o g e n  u t i l i z a t i o n  
e f f i c i e n c y  and t h e  n i t r o g e n  accum ula t ion  r a t e s  were de c re a s ed  
d r a s t i c a l l y  when th e  l a r v a e  of  Hyalophora c e r c r o p i a  (L .)  were fed 
on l e a v e s  with low w ate r  c o n t e n t s .  Larvae fed with l e a v e s  of  low 
w a t e r  c o n t e n t  t end  to  grow more s lowly because  of  t h e  d e c re a s e s  in 
n i t r o g e n  u t i l i z a t i o n  e f f i c i e n c y  and n i t r o g e n  accum ula t io n  r a t e s .  
Feeny (1970)  p o s t u l a t e d  t h a t  most l e p i d o p t e r o u s  t r e e  d e f o l i a t o r s  
f e e d  in  t h e  s p r i n g  when n i t r o g e n  and water  c o n t e n t s  a re  h i g h e s t  
and a l l e l o c h e m i c a l s  a r e  a t  t h e  l o w e s t  c o n c e n t r a t i o n .  "Whether 
s i n g l y  or  in  c o m b ina t ion ,  n u t r i e n t  c o n t e n t  and t e x t u r e  f a c t o r s  
seem to  a c t  as q u a n t i t a t i v e  b a r r i e r s ,  s e t t i n g  u l t i m a t e  e c o lo g i c a l  
l i m i t s  t o  the  growth of  h e r b i v o r e s "  ( S c r i b e r  and Feeny 1979) .  
Waldbauer (1968) deve loped formulae  t o  measure growth and f ee d in g  
i n d i c e s  f o r  i n s e c t s .  I f  growth r a t e s  vary in  r esponse  t o  t h e  
n u t r i t i o n a l  v a lue  of  t h e  h o s t  p l a n t s  and i f  supernumerary moults
a re  common among l e p i d o p t e r a n s ,  what  f a c t o r s  de te rmine  the  p o i n t  
a t  which l a r v a l  development  i s  t e rm in a te d ?  Wigglesworth (1948) 
dec ided  t h a t  i n s e c t s  do no t  count  m ou l t s .  The i n s e c t  measures  i t s  
growth r a t e  and when t h i s  growth r a t e  i s  maximal , the  co rpo ra  
a l l a t a  i s  i n a c t i v a t e d  and t h e  i n s e c t  p u p a te s .  This  theo ry  
i n d i c a t e s  t h a t  most 1e p id o p t e ro u s  s p e c i e s  a r e  no t  programmed t o  
p upa te  a f t e r  a s p e c i e s - s p e c i f i c  number of i n s t a r s .
FTC has been found t o  undergo f i v e  i n s t a r s  ( g e n e r a l l y )  in  
both  t h e  l ak e  s t a t e s  and t h e  sou th e rn  U.S.A.  ( S t e h r  and Cook 
1968) .  Muggli and M i l l e r  (1980) dete rmined  t h e  i n s t a r  head 
w i d t h s ,  i n d iv i d u a l  b iomass ,  and developmental  r a t e s  f o r  t h e  FTC 
f o r  two d e n s i t i e s  in  t h e  l a b o r a t o r y  in  Minneso ta .  Hodson (1941) 
found t h a t  i n s t a r s  c ou ld  be dete rmined  from f r a s s  s i z e  w i th o u t  
o ve r l a p  between i n s t a r s .
I I I .  METHODS AND MATERIALS
S i t e  D e s c r i p t i o n  -  Three s i t e s  were chosen as  s tudy a r e a s .  
These s i t e s  were s e l e c t e d  t o :  1) r e p r e s e n t  an a p p a re n t  c ro s s
s e c t i o n  of FTC p o p u l a t i o n s  in  sou th  L o u i s i a n a ,  2) r e p r e s e n t  
d i f f e r e n t  h y d r o lo g ic a l  r eg im es ,  and 3) t o  accoun t  f o r  some of  the  
d i f f e r e n t  t u p e l o  gum s ta n d  c o n d i t i o n s  i n  L o u i s i a n a .  Each s i t e  had 
t u p e l o  gum s ta n d s  of  va ry ing  d e n s i t y  and s i z e .  These s i t e s  ( F ig .
1) were chosen f o r  t h e i r  h i s t o r i c a l  r ec o rd  of  d e f o l i a t i o n  by FTC.
The land  d e s c r i p t i o n  f o r  each s tudy  s i t e  i s :  s i t e  1 -  (S o r r e n to )
Township 10 South ,  Range 4 E a s t ,  S e c t io n  21;  s i t e  2 -  ( V e r r e t )
Township 13 South ,  Range 12 E a s t ,  S e c t ion  24;  and s i t e  3 -
( A l l i g a t o r )  Township 14 South ,  Range 14 E a s t ,  S e c t i o n  52. The 
S o r r e n to  s i t e  i s  found approx im ate ly  30 m i l e s  sou th  o f  Baton 
Rouge, L o u i s i a n a ,  o n e - h a l f  mil e  n o r t h e a s t  of  t h e  j u n c t i o n  o f  U.S. 
Hwy. 61 and I n t e r s t a t e  Hwy. 10. The V e r r e t  s i t e  i s  approx imate ly  
3 miles  south  o f  P i e r r e  P a r t ,  L o u i s i a n a ,  1 1 /2  mil es  e a s t  o f  
L o u i s ia na  Hwy. 70. A l l i g a t o r  s i t e  i s  app rox im ate ly  15 m i les  
sou thwest  o f  N a p o l e o n v i l l e ,  L o u i s i a n a ,  1 1 /2  mil es  sou thwest  of  
t h e  t e r m i n a t i o n  p o i n t  of  L ou i s iana  Hwy. 1011.
All t h r e e  s i t e s  were f looded  du r in g  th e  w i n t e r  and s p r i n g  
months. The V e r r e t  and A l l i g a t o r  s i t e s  had s t a n d i n g  w a te r  dur ing  
th e  summers o f  1981 and 1982. The V e r r e t  and A l l i g a t o r  s i t e s  h e ld  
w a te r  l o n g e r  than  d id  t h e  S o r re n to  s i t e  due to  t h e  e f f e c t s  of  
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Sor ren to  s i t e  d id  no t  ho ld  s t a n d in g  w a te r  over  i t s  t o t a l  a re a  and 
was "dry" du r in g  th e  summer months of  1981 and 1982.
Stand D ens i ty  -  In o r d e r  to  a s c e r t a i n  t h e  s i t e  d i f f e r e n c e s  in 
f o r e s t  s p e c i e s  com pos i t ion  and t r e e  s i z e s ,  a f o r e s t r y  c r u i s e  ( t r e e  
sampling p rocedure )  was comple ted .  The f o r e s t r y  c r u i s e  c o n s i s t e d  
of  12 (basa l  a r e a  f a c t o r  [BAF] 10) pr ism p o i n t s  e s t a b l i s h e d  w i th in  
each of the  t h r e e  s tudy  s i t e s  (Avery 1967) .  In o r d e r  to  avoid 
edge e f f e c t ,  each pr ism c r u i s e  was i n i t i a t e d  a t  l e a s t  one cha in  
(20 .12  m, 66 f t )  from the  n e a r e s t  r i g h t - o f - w a y  a t  each s tudy  s i t e .  
Each pr ism p o i n t  was e s t a b l i s h e d  a minimum of t h r e e  cha ins  from 
th e  p rev io u s  pr ism p o i n t .  All sample stems l a r g e r  than  10.16 cm 
(4 i n )  were t a l l i e d .  Trees  were c l a s s i f i e d  i n t o  5.08 cm (2 i n )  
d i am e te r  c l a s s e s  beg inn ing  with the  10.16 cm (4 in )  c l a s s .
Diameter  of t a l l i e d  t r e e s  were measured a t  dbh with a d iam e te r  
t a p e .  All t a l l i e d  t r e e s  were c l a s s i f i e d  by s p e c i e s .  A s t a n d  
t a b l e  was compiled from th e  c r u i s e  d a t a .
F o l i a g e  Resource -  D e te rm ina t ion  of  the  f o l i a g e  r e s o u r c e  was 
ne c es sa ry  to  a s c e r t a i n  t h e  impact of  FTC d e f o l i a t i o n  (Kulman 
1971) .  To accompli sh  t h i s  f o r  f o r e s t  s t a n d  c o n d i t i o n s  in  south 
L o u i s i a n a ,  13 t r e e s  were s e l e c t e d  and f e l l e d ,  based on crown 
fo rm a t ion  and dbh. The d iam e te r s  of f e l l e d  t r e e s  ranged from 
20.32  cm (8 i n )  t o  4 4 .5  cm (17 .5  i n ) .  This  s i z e  range was 
r e p r e s e n t a t i v e  of  the  mean dbh of  the  h o s t  t r e e s  on each s i t e ,  b u t  
did no t  encompass t h e  f u l l  range of  h o s t  t r e e  d iam ete rs  found on 
each s i t e .  These t r e e s  were s e l e c t e d  from s i t e s  h y d r o l o g i c a l l y
s i m i l a r  to  the  V e r r e t ,  A l l i g a t o r ,  and S o r re n to  s tudy  s i t e s .  Once 
f e l l e d ,  a l l  l e a v e s  were removed by b reak ing  small twigs from t h e  
t r e e .  The twigs  and l e a v e s  from each t r e e  were p laced  in  p l a s t i c  
113.6 1 (30 ga l )  garbage bags .  Twigs with l e a v e s  were moistened 
and s to r e d  in  a c o o l e r  a t  4 .4°C (40°F) u n t i l  t h e  l e a v e s  and 
p e t i o l e s  cou ld  be c l i p p e d  from th e  twigs  with prun ing  s h e a r s .  
Leaves from each t r e e  were d iv id e d  i n t o  subsamples  and each 
subsample weighed (wet  w t ) .  Leaves were then p rocessed  through  a 
Licor® (Model 11-3100)  a r e a  measuring dev ic e  to  de te rmine  l e a f  
s u r f a c e  a r e a  (cm^) p e r  t r e e  (by subsam ple) .  Six t r e e s  ranging  
i n  d iam e te r  from 20.32  cm (8 i n )  t o  43 .18  cm (17 in )  were 
c o m ple te ly  d e f o l i a t e d  and ana lyzed  by t h i s  method. A r e g r e s s i o n  
e q u a t io n  ( a l l  s t a t i s t i c s  t a b l e s  a r e  in  t h e  Appendix) was deve loped 
u s in g  dbh as  t h e  indepe nde n t  v a r i a b l e  and l e a f  we igh t  as the  
dependent  v a r i a b l e .  Th is  r e g r e s s i o n  equa t ion  was then used t o  
e s t i m a t e  t h e  f o l i a g e  w e igh ts  of  seven more t r e e s .  A second 
r e g r e s s i o n  e s t i m a t o r  was c a l c u l a t e d  u s ing  l e a f  weight  as  t h e  
i n d epe nde n t  v a r i a b l e  and s u r f a c e  a re a  as  the  dependent  v a r i a b l e .  
This  r e g r e s s i o n  e q u a t io n  was used t o  e s t i m a t e  t h e  s u r f a c e  a r e a  f o r  
each of t h e  seven t r e e s  from which f o l i a g e  was c o l l e c t e d  and 
weighed o n l y .  Combining t h e  f o l i a g e  r e s o u r c e  da ta  with f o r e s t r y  
c r u i s e  d a ta  r e s u l t e d  i n  e s t i m a t e s  of  the  f o l i a g e  s u r f a c e  a re a  per  
ha which was l a t e r  used  as  t h e  h o s t  r e s o u r c e  component in  t h e  
p o p u l a t i o n  model ing p r o c e s s .
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P a r t i a l  L i f e  Tab le  C o n s t ru c t io n  -  D e ns i ty  e s t i m a t e s  of the  
d i f f e r e n t  l i f e  s t a g e s  of  FTC, o b t a i n e d  from sampl ing the  f i e l d  
p o p u l a t i o n s ,  were used to  c o n s t r u c t  p a r t i a l  l i f e  t a b l e s .  These 
sampling p roce du re s  have been d e s c r i b e d  under  subhead ings  " F ie l d  
Sampling,  Egg S t a g e " ,  " F i e l d  Sampling,  La rvae" ,  and " F ie l d  Sampling,  
Pupae".  The numbers of  egg masses pe r  ha were de te rmined  by 
m u l t i p l y i n g  th e  sample number of egg masses t im es  t h e  i n v e r s e  of the  
p r o p o r t i o n  of  t r e e s  p e r  ha sampled.  This  gave an e s t i m a t e  of t h e  
numbers of egg masses  e n t e r i n g  t h i s  l i f e  s t a g e  on a p e r  ha b a s i s .  
Viable  eggs m u l t i p l i e d  by th e  number of egg masses pe r  ha r e s u l t e d  in  
an e s t i m a t e  of  t h e  t o t a l  FTC p o p u l a t i o n  p e r  ha e n t e r i n g  the  f i r s t  
i n s t a r .
To ta l  m o r t a l i t y  was measured f o r  i n s t a r s  o n e - t h r e e  (g rouped)  and 
f o r  i n s t a r s  fo u r  and f i v e  i n d i v i d u a l l y .  M o r t a l i t y  measurements  were 
accom pl i shed ,  in  p a r t ,  by t r a p p i n g  FTC f r a s s  a t  f i e l d  l o c a t i o n s ,  
de te rm in ing  t h e  amount of t o t a l  f r a s s  pe r  i n s t a r  d e p o s i t e d  i n t o  t h e  
t r a p ,  and d i v i d i n g  t h i s  number by the  t o t a l  f r a s s  p ro d u c t io n  f o r  the  
same i n s t a r  de te rmined  by f e e d in g  s t u d i e s  conducted  in  the  l a b o r a ­
t o r y .  Changes in  t h e  numbers of  i n s e c t s  p roducing  f r a s s  in  t h e  f i e l d  
would be i n d i c a t e d  by changes in  t h e  amount of  f r a s s  c o l l e c t e d .  The 
t e c h n i q u e s  f o r  t r a p p i n g  and c a t e g o r i z i n g  th e  f r a s s  a re  d i s c u s s e d  in 
l a t e r  s e c t i o n s  of t h i s  pape r .
The n e t  r e p r o d u c t i v e  r a t e  i s  a f u n c t i o n  of s u rv iv a l  f o r  each 
g e n e r a t i o n .  This  v a lu e  i s  computed from t h e  s u r v i v o r s h i p  f o r  each 
g e n e r a t i o n .  One r e s u l t  of  l i f e  t a b l e  a n a l y s i s  i s  a va lue  r e p r e -
s e n t i n g  th e  n e t  r e p r o d u c t i v e  r a t e  of the  i n s e c t  under  i n v e s t i g a t i o n .  
The n e t  r e p r o d u c t i v e  r a t e s  f o r  each s i t e / y r  were de te rmined  us ing  th e  
formula  R0 = Nt
where R0 = n e t  r e p r o d u c t i v e  r a t e ,  = t h e  number of eggs /ha  f o r  
g e n e r a t i o n  x + 1, and N0 = t h e  number of  eggs /ha  f o r  g e n e ra t i o n  x 
(Southwood 1978).
A s u r v i v o r s h i p  h i s tog ram  was c o n s t r u c t e d  us ing  the  p e rc e n ta g e  
s u rv i v a l  r a t e s  f o r  y e a r s  1981 and 1982. This  cu rve  i s  compared to  
t h e o r e t i c a l  c u rves  d e s c r i b e d  by Slobodkin (1962) and P r i c e  
(1975) .
Assumptions were made p r i o r  to  an a ly z in g  th e  l i f e  t a b l e  d a t a .  
These assumpt ions  were: 1) f o r  any given age of the  h o s t ,  m o r t a l ­
i t y  v a lu e s  a s s ig n e d  to  each m o r t a l i t y  f a c t o r  (dxF) can only be 
a s c r i b e d  to  t h e  l i f e  s t a g e  in  which they occur ;  2) immigra t ion 
equa led  e m i g r a t io n ;  and 3) a l l  p a r a s i t o i d s  had an equal 
o p p o r tu n i ty  to  p a r a s i t i z e  a l l  h o s t s .
I d e n t i t y  o f  M o r t a l i t y  Causing Agents -  Adu lt  p a r a s i t o i d s  were 
subm i t ted  to  t h e  I n s e c t  I d e n t i f i c a t i o n  and B e n e f i c i a l  I n s e c t  
I n t r o d u c t i o n  I n s t i t u t e ,  West B e l t s v i l l e ,  Maryland,  f o r  i d e n t i f i ­
c a t i o n .  One ichneumon id p a r a s i t o i d  was i d e n t i f i e d  u s ing  t h e  
r e f e r e n c e  c o l l e c t i o n s  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y .  Other  
ichneumonid s p e c i e s  were subm i t ted  t o  John Luhman, U n i v e r s i t y  of  
C a l i f o r n i a ,  R i v e r s i d e .  Voucher specimens of  a l l  p a r a s i t o i d s  were
d e p o s i t e d  in  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y  I n s e c t  C o l l e c t i o n .  
I d e n t i f i c a t i o n s  of  pa thoge n ic  fungi  were made by Dr. J .  Fuxa and 
F.  M i tche l l  of L o u i s i a n a  S t a t e  U n i v e r s i t y .
F i e l d  Sampling, Egg S tage  -  Egg masses were sampled in o rd e r  
to  de te rmine  the  egg mass p o p u l a t i o n  per  ha and to  de te rmine  th e  
m o r t a l i t y  i n f l i c t e d  by egg p a r a s i t o i d s .  Each s i t e  was sampled by 
f e l l i n g  t r e e s  of  va ry ing  d iam e te r s  and crown p o s i t i o n  (dominant ,  
codominant ,  and s u p p r e s s e d ) .  The crown on each sample t r e e  was 
s ubd iv ide d  i n t o  t h r e e  a r e a s ,  l o w e r ,  m id d le ,  and uppe r  ( 1 /3 )  crown. 
Each crown a re a  was s ea rched  and branch  t i p s  wi th  egg masses were 
c o l l e c t e d  and t a l l i e d  by p l o t ,  t r e e  dbh,  and crown l o c a t i o n .
Whole t r e e  samples  were u s u a l l y  o b t a i n a b l e ,  b u t  in c a s e s  where 
deep water  p re v e n te d  whole t r e e  c o u n t s ,  s t a n d i n g  t r e e s  were 
v i s u a l l y  d iv id e d  i n t o  v e r t i c a l  s e c t i o n s ,  each r e p r e s e n t i n g  1/2 of  
t h e  t o t a l  crown. Egg mass coun ts  were made and th e  number of egg 
masses  doubled to  p rov ide  whole t r e e  v a l u e s .  Trees  were f e l l e d  
beg inn ing  in  June (1980) ,  the  month egg l a y i n g  was comple ted.  
Subsequent  t r e e s  were f e l l e d  and egg mass samples  taken  in  J u l y ,  
August ,  September,  Oc tobe r ,  November (1980,  1981, and 1982) ,  and 
February  (1981,  1982, and 1983) t o  de te rmine  seasona l  a c t i v i t i e s  
of  p a r a s i t o i d s .
Egg masses were h e ld  i n  the  l a b o r a t o r y  a t  27°C (80°F ) ,  65% 
r e l a t i v e  humidi ty  with a 14 hr  l i g h t / 1 0  hr  dark p h o t o p e r i o d .
L ig h t s  u t i l i z e d  were Verd-A-Ray (F48T12/IDS/H0) Indorsun® which 
approx im ates  the  wave leng ths  of  s u n l i g h t .  P a r a s i t o i d  emergence
was r ec o rde d  a t  two-day i n t e r v a l s ,  and egg masses were obse rved  
u n t i l  t h e  subsequen t  samples  were c o l l e c t e d  from the  f i e l d .  
February samples  were ana ly zed  f o r  FTC s u r v i v a l ,  t o t a l  p a r a s i t i s m ,  
i n f e r t i l i t y ,  and "empty" egg c a se s  by c u t t i n g  the  t ops  from the  
egg c a se s  and expos ing t h e i r  c o n t e n t s .  The 1981 a n a l y s i s  used 
e n t i r e  egg masses and c l a s s i f i e d  the  eggs i n t o  t h e s e  da ta  groups:
1) t o t a l  number eggs ,  2) eggs ( p h a r a t e  l a r v a e )  h e a l t h y ,  3) eggs 
p a r a s i t i z e d ,  4)  i n f e r t i l e  eggs ,  and 5) empty c a s e s .  The 1982 egg 
masses were examined u s ing  the  t e c h n iq u e s  d e s c r i b e d  by W i t t e r  e t  
a l . (1972) where the  t o p s  were c u t  o f f  ca 20% o f  the  egg c a se s  to 
expose t h e  c o n t e n t s .  P a r a s i t o i d  emergence a l s o  was t a l l i e d  f o r  
each e n t i r e  egg mass.
Counting eggs w i t h i n  each egg mass was f a c i l i t a t e d  by soaking 
t h e  spumaline covered  egg masses in  a 5 .8 % sodium h y p o c h o lo r i t e  
s o l u t i o n  f o r  ca 5 m in u t e s .  Egg masses a l s o  were "cleaned"  by 
u s ing  a small s c a lp e l  t o  sc rape  th e  spumaline away from the  egg 
s u r f a c e .  Th is  s c r a p in g  t ec h n iq u e  worked b e s t  when egg masses were 
p roces sed  immediately a f t e r  removal from th e  f i e l d  o r  when t h e r e  
was a small number to  c l e a n .
F i e l d  Sampling, Larvae -  Larvae were sampled by f e l l i n g  t r e e s  
and removing se v e r a l  samples  of  l a r v a e  in  groups of ca 30 i n s e c t s  
each .  Some l a r v a e  were assumed to  have been d i s lo d g e d  in  the  
f e l l i n g  p r o c e s s .  However, c a r e  was t aken  to  i n s u r e  t h a t  a l l  
remain ing  l a r v a e  p r e s e n t  were c o l l e c t e d  ( i . e . ,  t h a t  a l l  l a r v a e  on 
one sample branch was c o l l e c t e d ) .  These l a r v a e  were s e p a r a t e d  by
s i t e  and i n s t a r ,  and were kep t  a l i v e  in  the  l a b o r a t o r y  on t u p e l o  
gum f o l i a g e  u n t i l  a subsequen t  sample was made (ca  1 wk i n t e r ­
v a l s ) .  Larvae were kep t  in  a c o n t r o l l e d  environment  as d e s c r i b e d  
e a r l i e r .  The l a r v a e  were k e p t  in  p l a s t i c  boxes measuring 10.16 cm
(4 i n )  high x 20.32 cm (8 i n  wide) x 26.17 cm (10 1/2 i n )  l ong .  A
subsample sample from s evera l  f i e l d  samples  was placed  in  70% 
e thy l  a lcohol  and head c a p s u le  s i z e s  de te rmined  by us ing  a Wild® 
(M-5) d i s s e c t i n g  microscope with an o c u l a r  micrometer .
F i e l d  f r a s s  t r a p s  were used to  e s t i m a t e  changes in  t h e  FTC 
l a r v a l  p o p u l a t i o n  by i n s t a r .
F r a s s  t r a p s  were c o n s t r u c t e d  in  a c i r c u l a r  des ign  a f t e r  the  
general  p a t t e r n  of  Southwood (1978)  and Cunningham and Harper
(1977) ,  u t i l i z i n g  25 mm (1 in )  PVC plumbing pipe  as  the  o u t e r  
f rame and 120 mesh nylon s c re e n in g  as t h e  t r a p  m a t e r i a l .  Nylon
s c re e n in g  was sewn around t h e  PVC p ipe  and t a p e r e d  in  t h e  c e n t e r
to  a l low f o r  d r a in a g e  and th e  i n s t a l l a t i o n  of  a f i t t i n g  f o r  a 0 .47 
1 (p t )  Mason® j a r .  J a r  r i n g s  were a t t a c h e d  in  t h e  c e n t e r  of  the  
mesh, u t i l i z i n g  a ho t  g lue  k i t  f o r  bondage. Caulking m a t e r i a l  was 
then  a p p l i e d  around th e  j a r  r i n g  to  form a smooth, water  t i g h t  
s e a l .  At the  beg inn ing  of  each t r a p p i n g  i n t e r v a l ,  l i d s  were l e f t  
on the  j a r s  and th e  j a r s  t i g h t e n e d  i n t o  t h e  j a r  r i n g s .  To remove 
the  f r a s s ,  t h e  j a r  and l i d  were removed from th e  t o p .  Next , t h e  
l i d  was s e t  a s id e  and th e  j a r  was screwed back onto the  j a r  r in g  
connec ted  to  t h e  f r a s s  t r a p .  A p a i n t  brush was u t i l i z e d  to  brush  
f r a s s  i n t o  t h e  j a r ,  and th e  j a r  was then removed from the  t r a p  and
s e a l e d .  A new j a r  and l i d  were then  i n s t a l l e d  onto the  f r a s s  
t r a p .  F ra s s  t r a p s  were h e ld  in  p l ac e  0 . 5 - 0 . 7 5  m above w a te r -  
l ev e l  us ing  a t r i p o d  made of  bamboo po le s  2 .44  m-3.67 m (8-12 f t )  
in  l e n g t h .
The number of  t r a p s  a t  each s i t e  was de te rmined  by the  
formula (Cochran 1965):
Where s = s t a n d a r d  d e v i a t i o n ,  D = t h e  a c c e p t a b l e  l ev e l  of  accuracy  
expres sed  as a dec im al ,  and t  i s  a q u a n t i t y ,  depending on t h e  
s i z e  of the  p o p u l a t i o n ,  and t  i s  o b t a in e d  from t  t a b l e s .  The 
sample s t a t i s t i c s  (s  = .5 and t  = 2 .0 )  used in  t h e  computa t ion  
i n d i c a t e d  t h a t  t h e  optimum sample,  with D = .25 ,  would be 16 t r a p s  
pe r  s i t e .  There were 20 t r a p s  u t i l i z e d  pe r  s i t e  to  a l low f o r  
vanda l i sm ,  d i s r u p t i o n  by se ve re  w e a th e r ,  and a c c i d e n t a l  l o s s  of  
i n f o r m a t i o n .  Traps 0 .5  m^ were p laced  under  t h e  canopy of  the  
hos t  t r e e s  a t  each s tudy  s i t e  in  a s e m i - c i r c u l a r  a r r a y  a p p r o x i ­
mate ly  e q u i d i s t a n t  from each o t h e r .
F r a s s ,  which was removed from the  t r a p s  on each sample d a t e ,  
was t aken  to  the  l a b o r a t o r y  where i t  was d r i e d  a minimum of  24 h r  
i n  a Napco® dry ing  oven Model 430 a t  45°C (113°F) .  F ra s s  sampling 
began w i th in  f i v e  days of  FTC ha tch  and c o n s i s t e d  of c o l l e c t i n g  
f r a s s  a t  each s i t e  on t h r e e  and f o u r  day i n t e r v a l s  u n t i l  t h e  FTC 
e n t e r e d  th e  pupal s t a g e .  F r a s s  was then  s i f t e d  th rough  U.S.A. 
S tandard  T e s t i n g  S i e v e s  to  de te rmine  th e  p r o p o r t i o n  of  f r a s s
produced by l a r v a e  in  each s tadium. F ra s s  s i z e s  were p r e d e t e r ­
mined f o r  each i n s t a r  from l a b o r a t o r y - r e a r e d  i n s e c t s  of  known 
developmental  s t a g e s .  Sieve #120 (0 .125  mm) c a ugh t  a l l  f i r s t  
i n s t a r  f r a s s  and some second i n s t a r  f r a s s  (1.4% second i n s t a r ) .  
Sieve #80 (0 .1 80  mm) c a u g h t  98.6% second i n s t a r  f r a s s ,  s i e v e  #45 
(0.355 mm) caught  a l l  t h i r d  i n s t a r  f r a s s ,  s i e v e  #25 (0 .710  mm) 
c a u g h t  a l l  f o u r t h  i n s t a r  f r a s s ,  and s i e v e  #16 (1 .18  mm) ca ugh t  a l l  
f i f t h  i n s t a r  f r a s s .  In most i n s t a n c e s ,  p l a n t  m a t e r i a l  had to  be 
removed from the  f r a s s  samples by hand p r i o r  to  each s i e v in g  
sequence .  Each s i f t i n g  sequence invo lved  t i l t i n g  t h e  s i e v e  a t  ca 
45° a n g le  and t a p p in g  th e  s i e v e  a g a i n s t  a ha rd  medium ( c o u n te r  
to p )  u n t i l  a l l  t h e  f r a s s  had passed  th rough th e  mesh o r  was caught  
i n  t h e  lower  s i d e  of  t h e  s i e v e .  This  p rocedu re  was r e p e a te d  twice  
t o  i n s u r e  s u f f i c i e n t  chance f o r  a l l  f r a s s  p e l l e t s  to  pass  th rough  
t h e  mesh. F r a s s  was weighed and t a l l i e d  ac co rd ing  to  t r a p  
c o l l e c t i o n  d a t e ,  i n s t a r ,  and s i t e .  The t o t a l  f i e l d  f r a s s  t r a p  
c a tc h  p e r  s i t e  p e r  i n s t a r  was d iv ided  by the  t o t a l  f r a s s  
p ro d u c t io n  pe r  i n s t a r  of  t h a t  same i n s t a r  in  t h e  l a b o r a t o r y  t o  
e s t i m a t e  t o t a l  s u r v i v a l  by i n s t a r  from f r a s s  t r a p s .
F i e l d  Sampling,  Pupae -  Dominant and co-dom inan t  t r e e s  were 
randomly s e l e c t e d  and f e l l e d .  Whole t r e e  samples  of  pupae were 
c o l l e c t e d  in  groups of 30 (where a v a i l a b l e ) .  Pupae were he ld  in  a 
c o n t r o l l e d  envi ronmen t  as d e s c r i b e d  e a r l i e r .  Some pupae cou ld  be 
de te rmined  as  p a r a s i t i z e d  a t  the  t ime of  c o l l e c t i o n  due to  the  
h a b i t  of  Sa rcophag id  houghi ( A ld r i c h )  l a r v a e  which open a
c h a r a c t e r i s t i c  s l i t  in  t h e  head c a p s u le  a r e a  of t h e  FTC pupa.  
Hea l thy  male and female pupae were weighed both a l i v e  and a f t e r  
d r y in g .  Live we igh ts  of female pupae were l a t e r  used in  a n a ly z in g  
FTC eggs /mass  both when d e f o l i a t i o n  exceeded the  h o s t  c a r r y in g  
c a p a c i t y  and a t  lower d e f o l i a t i o n  l e v e l s .  Dry we igh ts  were used 
t o  compare i n c r e a s e s  in  s i z e  between each s t a g e  of  FTC de ve lop ­
ment .
Tempera ture  -  F i e l d  t e m p e ra tu re  r ea d ings  f o r  t h e  U.S. Weather 
S t a t i o n  a t  D o n a l d s o n v i l l e ,  L o u i s i a n a ,  were o b t a i n e d  from t h e  
o f f i c e  of  Meteorology and Climato logy  a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y .  These t e m p e r a t u r e s  (maximum and minimum) were used t o  
a n a ly z e  the  degree  days needed f o r  t h e  FTC t o  h a t c h .  C a l c u l a t i o n  
of  degree  days was accomplished  in  t h e  manner o f  Iv es  (1973) ,  
where degree  days a re  e xp res sed  a s :
h + m - t  t < m  
2
(h -  t ) 2 m s  t  < h
2(h -  m)
= 0 h < t
and h = maximum t e m p e r a t u r e ,  m = minimum t e m p e r a t u r e ,  and t  = 
t h r e s h o l d  t e m p e r a t u r e .  These were then  summed u n t i l  t h e  day egg 
ha tch  was obse rved  in  t h e  f i e l d .
La bo ra to ry  Rear ing  P rocedures  -  FTC l a r v a e  were o b t a in e d  both 
from the  f i e l d  and r e a r e d  from egg masses ha tched  in  t h e  l a b o r -
a t o r y .  Egg masses were he ld  a t  4.4°C u n t i l  two weeks p r i o r  to  t h e  
need f o r  f i r s t  i n s t a r  l a r v a e  and then  pu t  i n t o  a c o n t r o l l e d  
envi ronment  of  26 .4°C ,  65% r e l a t i v e  hum id i ty ,  and a 14 hr  l i g h t / 1 0  
h r  dark p h o t o p e r i o d .  The severed  end of  the  twig c o n ta i n in g  each 
egg mass was p laced  on to  a moistened  c o t t o n  pad c a us ing  th e  twig 
t o  s w e l l .  We found t h a t  s w e l l i n g  of the  twig was neces sa ry  to  
o b t a i n  a s a t i s f a c t o r y  h a tc h .
FTC l a r v a e  were r e a r e d  in  p l a s t i c  boxes 12.7 cm wide x 13.97 
cm long  x 3.81 cm deep.  One l a r v a  which moulted  w i th in  4 hr  p r i o r  
t o  " s e t  up" was p laced  in  each box, with the ex c ep t io n  of  f i r s t  
i n s t a r  l a r v a e  where f i v e  or  more l a r v a e  were needed to  m a in ta in  
l a r v a l  s u r v i v a l .  F i r s t  i n s t a r  l a r v a e  d i s p l a y  a g g re g a te  feed ing  
b e ha v io r  and s t a r v a t i o n  o c c u r r e d  i f  f i r s t  i n s t a r  l a r v a e  were 
r e a r e d  i n d i v i d u a l l y  (Lorimer  1979) .  FTC l a r v a e  were fed  t u p e l o  
gum f o l i a g e .  Th is  f o l i a g e  (on small b ranches )  was p laced  in  water  
o v e r n i g h t  b e f o r e  use i n  l a b o r a t o r y  r e a r i n g .  Th is  f o l i a g e  and 
twigs  were weighed to  the  n e a r e s t  0 .001 g on a Mett ler® ba la nc e  
(Model #PC180). The stems then were pu t  through  a ho le  punc tu red  
in  t h e  l i d  of  an i n s e c t  d i e t  cup (30 ml) which was ca 3 /4  f i l l e d  
w i th  d i s t i l l e d  w a t e r .  The l a r v a e ,  f o l i a g e ,  and cup then  were put  
i n t o  t h e  p l a s t i c  box, and th e  box and i t s  top were t aped  t o g e t h e r .  
The d a te  of  m ou lt ,  i n s t a r  i n t r o d u c e d ,  and cage number of each 
r e a r i n g  sequence were r e c o r d e d .  Three 3.84 mm ho le s  were d r i l l e d  
i n t o  each box f o r  a e r a t i o n .  FTC l a r v a e  r e a r e d  in  the  l a b o r a t o r y  
were observed  each day a t  7-9 a . m . ,  11 a.m. -  1 p .m . ,  and 4-6 p.m.
to  de te rmine  th e  number of  days r e q u i r e d  f o r  each i n s t a r  to  moult .  
Th is  was accomplished by r ec o r d in g  the  d a te  of t h e  beginn ing moult  
and ending moult  f o r  t h e  l a r v a e  in  each r e a r i n g  box. Larvae were 
sexed i f  they  were t h i r d  i n s t a r  or  o l d e r  ( S t e h r  & Cook 1968) and 
oven d r i e d  in  t h e  Napco d r i e r  a t  45°C f o r  a t  l e a s t  24 h r .  F i r s t  
i n s t a r  l a r v a e  were al lowed to  h a t c h ,  then  d r i e d  b e fo re  f eed ing  
took p l a c e .  Dry we igh ts  of f r e s h l y  moulted l a r v a e  and pupae were 
compared to  the  dry we igh ts  of  p r e v io u s  i n s t a r s  to  dete rmine 
weight  gain f o r  each i n s t a r .
F r a s s  was removed from the  cage a t  t h e  t ime of each moult  and 
oven d r i e d  f o r  a minimum of  24 hr  a t  45°C. The f r a s s  then  was 
weighed,  and a l i q u o t  samples  were s i z e d  wi th  an o c u l a r  mic rometer  
used in  c o n ju n c t io n  with a Wild d i s s e c t i n g  mic roscope .
F o l i a g e  ( i n c l u d i n g  tw igs)  was weighed a t  t h e  t ime of  moult .
A r e g r e s s i o n  eq u a t io n  was deve loped to  p r e d i c t  t h e  weight  of  t h e  
f o l i a g e  used in  the  r e a r i n g  p r o c e s s .  This  inc luded  gain or  l o s s  
due to  e v a p o t r a n s p i r a t i o n  du r in g  each l a r v a l  s t a g e .  Data were 
ga th e r e d  by f i r s t  weighing th e  f o l i a g e  p lu s  the  tw ig ,  p u t t i n g  the  
f o l i a g e  and twig i n t o  a r e a r i n g  box,  and p u t t i n g  th e  r e a r i n g  box 
i n s i d e  t h e  environmenta l  c o n t r o l  chamber where FTC l a r a v e  were 
r e a r e d .  The t e m p e r a t u r e ,  h u m id i ty ,  and p h o to p e r io d  were t h e  same 
as  t h a t  d e s c r i b e d  e a r l i e r .  Subsequent  weighing of  the  f o l i a g e  
(p lu s  twig)  was done each dcy f o r  t h r e e  c o n s e c u t iv e  days.  The 
r e s u l t i n g  f a c t o r  was used to  a d j u s t  the  we igh t  of  the  f o l i a g e  in 
t h e  r e a r i n g  boxes to  accoun t  f o r  we igh t  gain  or  l o s s  due to
e v a p o t r a n s p i r a t i o n .  A r e g r e s s i o n  eq u a t io n  was a l s o  used t o  
p r e d i c t  t h e  s u r f a c e  a r e a  (dependen t  v a r i a b l e )  o f  the  f o l i a g e  
consumed u s ing  th e  f o l i a g e  weight  consumed as t h e  in dependen t  
v a r i a b l e .  F o l i a g e  was weighed f r e s h  ( g ) ,  run through a L ic o r  a rea  
measuring de v ic e  (cm^) and r e c o r d e d .  The f o l i a g e  we igh ts  and 
s u r f a c e  a r e a s  were used to  compute t h e  r e g r e s s i o n  e q u a t i o n .
I n s e c t  Development  and N u t r i t i o n  -  To de te rmine  how e f f i ­
c i e n t l y  t h e  consumed biomass i s  u t i l i z e d  by FTC, t o t a l  l e a f  
consumption (d ry  wt) was c a l c u l a t e d .  A r e g r e s s i o n  eq u a t io n  was 
developed to  p r e d i c t  t h e  dry weight  of f o l i a g e  (dependen t  
v a r i a b l e )  based on a known w eigh t  of f r e s h  f o l i a g e  ( ind e p e n d en t  
v a r i a b l e ) .  This  was accompl ished by f i r s t  weighing th e  f r e s h  
f o l i a g e ,  then  d ry ing  t h e  f o l i a g e  f o r  more than  48 hr  and weighing 
the  f o l i a g e  a g a in .  Biomass consumption (d ry  wt) and f r a s s  
p r o d u c t io n  (d ry  wt) were measured f o r  each newly mou lted  i n s t a r .  
The fo l lo w in g  growth and f ee d ing  i n d i c e s  were c a l c u l a t e d  f o r  each 
l a r v a l  s t a g e  u s ing  formulae modif ied  (dry we ights  were used 
e x c l u s i v e l y )  from Waldbauer (1968)  and H a r re l l  e t  a l . (1982):
R e l a t i v e  Growth 
Rate  = l a r v a l  we igh t  gain  (mg dry wt)
mean l a r v a l  w e igh t  (mg dry wt) x mean f ee d in g  p e r io d
(days)
R e l a t i v e  Consumption 
Rate  = food i n g e s t e d  (mg dry wt)
mean l a r v a l  we igh t  (mg dry wt) x mean f e e d in g  p e r io d
(days)
E f f i c i e n c y  of  Conversion 
o f  I n g e s t e d  Food = l a r v a l  w e igh t  gain  (mg dry wt)
food i n g e s t e d  (mg dry wt)
Approximate 
D i g e s t i b i l i t y  =
food i n g e s t e d  (mg dry wt) -  f r a s s  we igh t  (mg dry wt)
food i n g e s t e d  (mg dry wt)
E f f i c i e n c y  of 
Conversion  of 
D ige s te d  Food =
l a r v a l  w e igh t  ga in  (mg dry wt) 
food  i n g e s t e d  (mg dry wt) -  f r a s s  we igh t  (mg dry wt)
The r e l a t i v e  growth r a t e  i s  a measure of the  r a t e  of  growth
of  a l a r v a e  (dry  wt) r e l a t i v e  t o  i t s  mean ( o r i g i n a l  + f i n a l / 2 )  dry
wt du ring  th e  f ee d ing  p e r io d  between m ou lt s .  S i m i l a r l y ,  the
r e l a t i v e  consumption r a t e  i s  a measure of the  r a t e  of food i n t a k e
(dry  wt) r e l a t i v e  to  t h e  mean we igh t  of  the  l a r v a e  between m ou lt s .
The e f f i c i e n c y  of conv e rs io n  of i n g e s t e d  food i s  an o v e r a l l
measure of  the  a b i l i t y  to  u t i l i z e  t h e  l e a v e s  f o r  growth. The
approximate  d i g e s t i b i l i t y  i s  t h e  p o r t i o n  of t h e  e f f i c i e n c y  of
conve rs ion  of  i n g e s t e d  food t h a t  measures  the  e f f i c i e n c y  with
which th e  food i s  a s s i m i l a t e d ,  and th e  e f f i c i e n c y  of c onve rs ion  o f
d i g e s t e d  food i s  t h a t  p o r t i o n  which measures  the  e f f i c i e n c y  with
which t h e  a s s i m i l a t e d  food i s  c o n v e r t ed  i n t o  body s u b s t a n c e .
FTC l a r v a e  a l s o  were r e a r e d  on a r t i f i c i a l  d i e t  (McMorran
1965).  New d i e t  was s u p p l i e d  as needed.  The r e s u l t a n t  FTC pupae
«•
were compared wi th  f i e l d  samples  of  pupae to  e v a l u a t e  p o s s i b l e  
d i f f e r e n c e s  in  f e c u n d i t y .  Evidence of  malformat ion  of t h e  d i e t -  
r e a r e d  i n s e c t s  a l s o  was no ted .
IV. RESULTS AND DISCUSSION
A. FTC F i e l d  Study R e s u l t s
Stand  D e n s i ty  -  Examina t ion of  the  s t a n d  t a b l e  ( t o t a l  t r e e s )  
deve loped  from t h e  f o r e s t r y  c r u i s e  da ta  r e v e a l e d  t h a t  t u p e l o  gum 
and swamp t u p l e o  ( h o s t  t r e e s ) ,  Nyssa a q u a t i c a  L. and Nyssa 
s y l v a t i c a  v a r .  b i f l o r a  ( W a l t . )  S a r g . ,  made up 63% of  t h e  t o t a l  
s t a n d  d e n s i t y  a t  S o r r e n t o .  Host  t r e e s  comprised 93.8% of  the  
s t a n d  d e n s i t y  a t  V e r r e t  and 87% of  s t a n d  d e n s i t y  a t  A l l i g a t o r  
(Tab le  1 ) .  Non-hos t  s p e c i e s  i n c lu d e d  green  ash ( F ra x inus  
pe n n s y lv a n ic a  M a rsh . ) ,  swamp red maple (Acer rubrum s s p .  
drummondii [ N u t t . ]  E. M u r ra y . ) ,  and b a ld c y p r e s s  (Taxodium 
d i s t i c h u m  R i c h . ) .  The S o r r e n to  s i t e  had the  g r e a t e s t  number of  
n o n - h o s t  t r e e s  whereas  t h e  V e r r e t  s i t e  had th e  f ew e s t .  Mean t r e e  
d i am e te r s  were e s t i m a t e d  f o r  each s i t e  from th e  sample d a ta  (Table  
2 ) .  Mean d i a m e te r s  were e s t i m a t e d  by m u l t i p l y i n g  th e  mean 
d iam e te r  of  a c l a s s  by th e  number of  t r e e s / c l a s s ,  summing a l l  
d i a m e te r  c l a s s e s ,  and then  d i v i d i n g  by the  t o t a l  number of  t r e e s .  
There i s  a 95% p r o b a b i l i t y  t h a t  t h e  a c tu a l  mean dbh f o r  h o s t  t r e e s  
on each s tudy  s i t e  l i e s  between t h e  fo l l o w in g  l i m i t s :  1) S o r r e n t o
(3 1 .25  cm [1 2 .3 0  i n ]  -  34 .08  cm [ 1 3 .4 3  i n ] ) ;  2) V e r r e t  (37 .35  cm 
[1 4 .7 0  i n ]  -  41 .43 cm [16 .31  i n ] ) ;  and 3) A l l i g a t o r  (28.27 cm 
[1 1 .1 3  i n ]  -  31 .88  cm [12 .55  i n ] ) .  V e r r e t  had the  l a r g e s t  h o s t  
t r e e s ,  and A l l i g a t o r  s i t e  had t h e  most  and s m a l l e s t  h o s t  t r e e s  pe r
30
Table 1. E s t im a te  of  numbers of  h o s t  t r e e s ,  n on -hos t  t r e e s ,  and t o t a l  t r e e s  pe r  ha a t  t h r e e  
s tudy  s i t e s  in  sou the rn  Lou i s iana .
S i t e
# of  
Host  Trees Sx
# of  
Non-host Trees Sx
Tota l  # 
of  Trees
S o r ren to 6 6 7 .6 4 - / 98.51 390.55 103.58 1058.19
V e r re t 679.43 126.90 65.99 12.65 745.42
A l i i  g a t o r 822.74 126.98 120.32 49.29 943.06
R e s u l t s  a re  based on 12 pr ism p l o t s  e s t a b l i s h e d  a t  each of the  t h r e e  s tudy s i t e s .
T a b l e  2.  T u p e l o  gum,  g r e e n  a s h ,  b a l d c y p r e s s  a n d  r e d  m a p l e  t r e e s  p e r  
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S o r r e n t o
T u p e lo  gum 0 1 62 .3 1 31 .4 135 .8 8 5 .5 6 5 .9 4 5 .4 2 4 .0 1 4 .6 1 .2 1 .0 0 0 0 0 0
Green ash 16 2 .3 3 6 .1 0 6 .4 0 0 0 0 0 0 0 0 0 0 0 0
B a ld c y p re s s 0 3 6 .1 2 0 .3 1 2 .8 2 2 .5 6 .7 1 .0 2 . 0 3 .2 0 1 .0 1 .0 0 0 0 0
Red map!e 0 3 6 .1 2 0 .3 6 .4 1 3 .6 0 2 .5 0 0 0 0 0 0 0 0 0
V e r r e t
T u p e lo  gum 2 0 2 .8 144 .0 7 0 .6 6 4 .7 5 8 .5 6 5 .9 2 7 .7 16 .1 1 2 .8 6 .7 2 .2 5 .7 0 0 .7 0 .7 0
Green ash 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bal dc y p re ss 0 0 0 6 .4 1 3 .6 1 0 .0 15 .1 7 .9 3 .2 1 .2 0 1 .0 0 0 0 0
Red maple 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A l l i g a t o r  
T upe lo  gum 4 0 .5 193.1 1 8 2 .0 1 7 4 .9 130 .4 7 2 .6 10 .1 9 .9 1 .5 1 .2 1 .0 0 0 0 0 0
Green ash 0 5 4 .1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B a ld c y p re s s 0 0 0 0 1 3 .6 1 0 .0 7 .7 7 .9 0 4 .0 1 .0 3 .0 0 0 .7 0 .7 0
Red maple 0 1 8 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1/  Numbers r e p r e s e n t  t r e e s  p e r  ha f o r  each s i t e .
ha. Spec ie s  d i v e r s i t y  was c a l c u l a t e d  u s ing  the  formula
S 1d = where S e q u a l s  the  number of  s p e c i e s  ( t r e e s > 1 0 .1 6
lo g  N-l
cm dbh) and N e q u a l s  t h e  number of i n d i v i d u a l s  (Odum 1971) .  The 
d i v e r s i t y  index va lue  given f o r  each s i t e  i s :  1)  S o r r e n t o ,  0 .99 ;
2) V e r r e t ,  0 .35 ;  and 3)  A l l i g a t o r ,  1 .0 1 .  This  i n d i c a t e d  t h a t  the  
sp e c i e s  d i v e r s i t y  a t  t h e  A l l i g a t o r  and S o r re n to  s i t e s  was s i m i l a r  
though th e  d i am e te r  c l a s s e s  were not  t h e  same. The V e r r e t  s i t e  
was l e s s  d i v e r s e  than  the  o t h e r  two s i t e s .  Tupelo gum, t h u s ,  
comprised th e  m a j o r i t y  of  the  V e r r e t  s t a n d  and may have 
c o n t r i b u t e d  to  l a r v a l  s t a r v a t i o n  due to  reduced  a l t e r n a t e  food 
s o u r c e s .
F o l i a g e  Resource -  A r e g r e s s i o n  e q u a t io n  was c a l c u l a t e d  to  
e nab le  the  use of  dbh to  p r e d i c t  l e a f  weight  f o r  each t r e e  ( F ig .
2 ) .  The formula  wet w e igh t  (a)  = 7 2 5 .2x was used to  de te rmine  the  
wet  we igh t  (g) of  t u p e l o  gum l e a v e s  pe r  t r e e .  An r 2 v a lue  of 
0 .95  i n d i c a t e s  a good f i t  and t h a t  most of  t h e  v a r i a t i o n  p r e s e n t  
was accoun ted f o r  by th e  r e g r e s s i o n  e q u a t io n  (S te e l  and T o r r i e  
1980) .  The r e g r e s s i o n  equa t ion  used to  de te rmine  th e  l e a f  s u r f a c e  
a r e a  (cm2) of  t h e  t u p e l o  gum t r e e s  was: Y = 1408.79 + 46 .85x ,
w i th  x = w e t  we igh t  of  t h e  f o l i a g e .  An r 2 v a lue  of 0 .97  
i n d i c a t e s  a "good f i t "  f o r  the  r e g r e s s i o n  e q u a t i o n .  The 
r e g r e s s i o n  e q u a t i o n  p r e d i c t e d  t h a t  t h e  A l l i g a t o r  s i t e  had the  
g r e a t e s t  f o l i a g e  we igh t  and,  c o n s e q u e n t ly ,  the  g r e a t e s t  l e a f  
s u r f a c e  a r e a  of  t h e  t h r e e  s tudy s i t e s  (Tab le  3 ) .  S o r re n to  had an
2 .  G r a p h  o f  r e g r e s s i o n  e q u a t i o n  s h o w i n g  t h e  a s s o c i a t i o n  
b e t w e e n  w e t  w e i g h t  ( g )  o f  t u p e l o  gum f o l i a g e  a nd  
dbh ( cm)  o f  t u p e l o  gum t r e e s .
w
1 4 0 0 0 . -
w 1 2 0 0 0 . -
( 9 )  1 0 0 0 0 . -
8 0 0 0  . -
6 0 0 0
4 0 0 0 . -•
2 0 0 0  . -
1 7 . 8 2 2 . 9 27. 9 3 3.0 38.1 44.5
dbh (cm)
+ = wet  we igh t  o f  t u p e l o  gum f o l i a g e  f o r  each sample t r e e  dbh.
wet  w e igh t  (a)  = 7 2 5 .2X (This  r e g r e s s i o n  l i n e  was f o rc e d  through  
t h e  o r i g i n  and th e  i n t e r c e p t  = 0 . 0 . )
i n t e r m e d i a t e  amount of  h o s t  f o l i a g e  pe r  ha and V e r re t  had the  
l e a s t .
The l e a f  a re a  index was c a l c u l a t e d  f o r  h o s t  t r e e s  on each 
s i t e .  Th is  index i s  e xp res sed  as  a r a t i o  of cm2 of  l e a f  s u r f a c e  
a r e a  p e r  cm^ of  ground s u r f a c e  a r e a .  The fo l low ing  i n d i c e s  were 
c a l c u l a t e d :  1) S o r r e n t o ,  2 . 1 2 : 1 ;  2) V e r r e t ,  1 .6 4 : 1 ;  and
3) A l l i g a t o r  2 . 1 9 : 1 .  These i n d i c e s  were computed on " immature1 
f o l i a g e  -  t h e  r e s o u r c e  a v a i l a b l e  dur ing  th e  f ee d ing  p e r io d  of t h e  
FTC. Thus, t h e s e  i n d i c e s  shou ld  not  be compared wi th  o t h e r  
i n d i c e s  t h a t  mey have been conduc ted  on t r e e s  a f t e r  l e a f  growth 
was comple ted.  The f o l i a g e  r e s o u r c e  f o r  each s i t e  by d iam e te r  
c l a s s  i s  shown i n  Tab le  4. The d iam ete r  c l a s s  with the  most 
f o l i a g e  r e s o u r c e  co r responded  c l o s e l y  to  the  c l a s s e s  which 
r e p r e s e n t  the  mean t r e e  d iam e te r s  f o r  each s i t e .  The r e g r e s s i o n  
e q u a t i o n  Y = 2.613 + 4.351x (x = wet  wt of f o l i a g e )  wi th  an r^ 
v a lu e  of  0 .90  was used to  p r e d i c t  t h e  s u r f a c e  a rea  (cm2) 0f  
t h e  h o s t  l e a v e s  (Table  3 ) .  This  p r e d i c t i o n  was used in  the  f i e l d  
t o  e s t i m a t e  d e f o l i a t i o n  of  t h e  h o s t  by each i n s t a r  and then  added 
to  de te rmine  th e  t o t a l  d e f o l i a t i o n .  Total d e f o l i a t i o n  was 
de te rmined  by m u l t i p l y i n g  t h e  number of l a r v a e  a t  t h e  beg inning  of  
an i n s t a r  by th e  t o t a l  l e a f  consumption f o r  a c a t e r p i l l a r  of  t h a t  
same i n s t a r  (de te rm ined  from l a b o r a t o r y  f ee d ing  s t u d i e s ) .
The "mg dry weight  of f o l i a g e  consumed" v a r i a b l e  used in  t h e  
growth and f e e d in g  i n d i c e s  e q u a t io n s  (page 28) i s  e s t i m a t e d  from 
t h e  wet w e igh t  of  consumed f o l i a g e  by the  fo l low ing  r e g r e s s i o n
T a b le  3 .  T o ta l  f o l i a g e  w e i g h t  (w e t )  and s u r f a c e  a r e a  o f  t u p e l o  gum
l e a v e s  by s t u d y  s i t e  i n  s o u t h e r n  L o u i s i a n a  f o r  1982.
Tota l  Weight Total  S u r fa c e  Area
S i t e  (kg)  (cm2)
So r re n to  
V e r re t  







T a b l e  4 .  F o l i a g e  r e s o u r c e  (w e t  wt )  t a b l e  by d i a m e t e r  c l a s s  f o r  t u p e l o
gum on t h r e e  s i t e s  i n  s o u t h e r n  L o u i s i a n a .
dbh (cm) c l a s s 10.16-1-/ 1 5 .24 2 0 .3 2 2 5 .4 0 30 .48 3 5 .56 4 0 .64 45 .72
d b h ( i n j  c l a s s 4 6 8 10 12 - " 1 4 16 - 13 ' ■■■
g w t / t r e e 206.(1 2 ,3 1 b .U '  T , 4 2 6 .0 6 , 5 3 6 .0 8 , 6 4 6 .0 1 0 ,7 5 6 .0 ~ T 2 ' ;B 6 6 . (T - 1 4 ,9 7 6 .0
S o r r e n t o  
L e a f  wt (g l 3 7 5 ,8 8 6 .8 5 8 1 ,5 7 6 .4 8 8 7 ,5 8 8 .8 7 3 9 ,2 3 3 .0 7 0 8 ,8 2 0 .4 5 8 4 ,1 1 6 .4 35 9 ,4 2 4 .0
l e a f  s u r ­
f a c e  a r e a  
(cm2 ) 1 7 ,6 1 1 ,7 0 5 .4 2 7 ,2 4 8 ,2 6 3 .1 4 1 ,5 8 4 ,9 4 4 .1 3 4 , 6 3 4 , 4 7 4 . f 3 3 , 2 0 9 ,6 4 4 .5 2 7 ,3 6 7 ,2 6 2 .1 1 6 ,8 4 0 ,4 2 3 .2
V e r r e t  
L e a f  wt (g) 4 1 ,7 7 6 .£ 3 3 3 ,5 0 4 .C 3 1 2 , 4 7 5 . C 4 2 2 ,8 7 9 .2 5 0 5 ,7 9 1 .C 70 8 ,8 2 0 .4 3 5 6 ,3 8 8 .2 2 4 1 ,1 1 3 .6
L e a f  s u r ­
f a c e  a r e a  
(cm2 ) 1 ,9 5 8 ,6 5 1 .6 1 5 ,6 2 6 ,0 7 1 .2 1 4 ,6 4 0 ,8 9 0 .7 1 9 ,8 1 3 ,2 9 9 .3 2 3 ,6 9 7 ,7 1 7 .1 3 3 , 2 0 9 , 6 4 4 . r 16 ,698 ,196 .1 1 1 ,2 6 7 ,5 8 0 .0
A11 i g a t o r  
L e a f  wt (g) 8 ,3 4 3 .0 4 5 8 , 7 9 9 . f 8 0 5 ,5 3 2 .0 1 ,1 4 3 ,1 4 6 .4 1 ,1 2 7 ,4 3 8 .4 7 8 0 ,8 8 5 .6 129 ,946 .6 1 4 8 ,262 .4
L e a f  s u r ­
f a c e  a r e a  
(cm2 ) 3 9 2 ,2 7 8 .2 2 1 ,4 9 6 ,1 7 0 .1 3 7 , 7 4 0 , 5 8 3 . C 5 3 ,5 5 7 ,8 1 7 .6 5 2 ,8 2 1 ,8 9 7 .£ 3 6 ,5 8 5 ,8 9 9 .2 6 ,0 8 9 ,4 0 7 .6 6 ,9 4 7 ,5 0 2 .2
dbh was measured f o r  5 .08  cm ( 2 .0  i n )  c l a s s e s ,  i . e . ,  a l l  stems in  t h e  7.62 cm (3 .0  
t o  12.70 cm ( 5 .0  i n )  c l a s s  a r e  l i s t e d  under  t h e  10.16 cm ( 4 .0  i n )  c l a s s .
Table  4.  ( c o n t . )
dbh (cm ) c la s5 5 0 .80 55 .88 6 0 .9 6 6 6 .0 4 7 1 .12 7 6 .20 8 1 .2 8 8 6 .36
dbh (in J c l  a s ' 20 22 7 4 26 28 30 32 34" “ ' '
g w t / t r e e 1 7 ,0 8 6 .0 1 9 ,1 9 6 .0 2 1 ,3 0 6 .0 2 3 ,4 1 6 .0 2 5 ,5 2 6 .0 2 7 ,6 3 6 .0 2 9 ,7 4 6 .0 3 1 ,8 5 6 .0
S o r r e n t o  
g wt 2 4 9 ,4 5 5 .6 2 3 ,0 3 5 .2 2 1 , 3 0 6 . C
S u r f a c e
Area
(cm2 ) 1 1 ,6 8 8 ,4 0 3 .7 1 ,0 8 0 ,6 0 7 .? 9 9 9 ,594 .5 — — — — —
V e r r e t  
g wt 2 1 8 , 7 0 0 . f 1 2 8 ,6 1 3 .2 4 6 ,8 7 3 .2 1 3 3 ,4 7 1 .2 1 9 ,3 4 5 .2 2 0 ,8 2 2 .2
S u r f a c e
Area
(cm2 ) 1 0 ,2 4 7 ,5 4 1 .3 6 ,0 2 6 ,9 3 7 .2 2 ,1 9 7 ,4 1 8 .2 6 ,2 5 4 ,5 3 4 .5 — 9 0 7 ,7 3 1 .4 9 7 6 ,9 2 8 .5 —
A11 i g a t o r  
g wt 2 5 ,6 2 9 .0 2 3 ,0 3 5 .2 2 1 ,3 0 6 .0
S u r f a c e
Area
(cm2 ) 1 ,2 0 2 ,1 2 7 .4 1 ,0 8 0 ,6 0 7 .5 9 9 9 ,5 4 9 .5 — — — — —
—  F o l i a g e  r e s o u r c e  e s t i m a t e s  in  t h i s  t a b l e  a r e  f o r  d iam e te r s  o u t s i d e  t h e  range  o f  
d i a m e te r s  which were used t o  c a l c u l a t e  t h e  r e g r e s s i o n  e q u a t i o n .  These r e s u l t s  should  
be i n t e r p r e t e d  a c c o r d in g l y .
CO
00
e s t i m a t o r :  Dry w e igh t  (Y) = -0 .0032  + 0 .240  x wet f o l i a g e  weight
( r 2 = 0 . 9 9 ) .
Degree Day Summation and FTC Hatching -  FTC l a r v a e  accumu­
l a t e d  1,458 and 1,284  degree  day u n i t s  (means) p r i o r  to  ha tch  
us i ng  beg in n ing  o v e rw in t e r i n g  d a t e s  of  November 20 and December 1, 
r e s p e c t i v e l y ,  and 4.4°C (40°F) as the  developmental  t h r e s h o l d  
(T ab le  5 ) .  Degree day t o t a l s  f o r  1981 and 1982,  the  y e a r s  with 
t h e  h i g h e s t  and lo w e s t  t o t a l s ,  r e s p e c t i v e l y ,  show t h a t  degree  days 
were accumula ted a t  a s teady  r a t e  from December 1 t o  h a tc h .  The 
c o r r e s p o n d in g  c o e f f i c i e n t s  of  v a r i a t i o n  were 8.6% and 3.9%, 
r e s p e c t i v e l y .  An ave rage  of  318 and 249 degree  day u n i t s  were 
r e q u i r e d  f o r  FTC h a t c h ,  u t i l i z i n g  o v e rw in t e r in g  p e r i o d s  beg inn ing  
November 20 and December 1,  r e s p e c t i v e l y ,  and 50°F (10°C) as  the  
t h r e s h o l d  (Tab le  5 ) .  The c o r r e spond ing  c o e f f i c i e n t s  of  v a r i a t i o n  
were 41.5% and 24.9%, r e s p e c t i v e l y .
These r e s u l t s  i n d i c a t e d  t h a t  u s in g  4.4°C (40°F) as t h e  
t h r e s h o l d  and December 1 a s  t h e  beg inn ing  of  the  o v e rw in t e r i n g  
p e r i o d  gave the  l e a s t  v a r i a b l e  degree day t o t a l .  The s t a n d a r d  
e r r o r  f o r  4 .4°C (40°F ,  December 1) was only 2.24% of  t h e  mean. 
Other  s t a n d a r d  e r r o r s  e xp res sed  as  p e rc e n ta g e s  of t h e i r  r e s p e c t i v e  
means a r e :  4.98% (4.4°C [ 4 0 ° F ] ,  November 2 0 ) ;  23.96% (10°C [50°F]
November 20) ;  14.38% (10°C [50°F ] ,  December 1 ) .
Based on t h e s e  r e s u l t s ,  i t  may be more im p o r ta n t  t o  s e l e c t  
t h e  p ro p e r  developmental  t h r e s h o l d  l ev e l  than th e  beg inn ing  of  the  
o v e r w in t e r i n g  p e r i o d .
Table 5 .  Degree day summation s t a t i s t i c s  f o r  egg ha tch of  FTC in 
L o u i s i a n a .
Degree Day Accumulat ion
T.T’T W estiora---------------I'lTC W e s  hol'd
Year Hatch Date  Nov. 20 S t a r t  Nov. 20 S t a r t
80 03/09 1,433 .30 287.30
81 03/11 1,346 .30 203.80
82 03/12 1,594 .10 462.10
X 1,457 .90 317.73
S 125.72 131.81
c . v . 8.6% 41.50%
s x 72.58 76.10
Sx as % of  x 4.98% 23.96%
Dec. 1 S t a r t Dec. 1 Stai
80 03/09 1,264 .30 228.30
81 03/11 1,247 .30 200.30
82 03/12 1,341 .00 319.00





Sx as % of  X 2.24% 14.38%
More h e a t  u n i t s  were r e q u i r e d  f o r  egg ha tch in  L ou i s iana  than  in 
Minnesota .  Data from Ives  (1973) i n d i c a t e d  t h a t  an average o f  370 
( ra nge :  326-403) and 340 ( range :  231-450) h e a t  u n i t s  above 4.4°C 
(40°F)  were r e q u i r e d  f o r  h a t c h i n g  FTC eggs a t  two l o c a t i o n s  in  
Minnesota .  Hodson and Weinman (1945) found t h a t  355 ( range :  294- 
403) h e a t  u n i t s  above 4 .4°C (40°F)  were r e q u i r e d  f o r  h a t c h i n g .
Mattson and Er ickson  (1978) found t h a t  261 ( range :  181-322) and 264 
h e a t  u n i t s  were accumula ted p r i o r  t o  ha tch  f o r  t h e  I n t e r n a t i o n a l  
F a l l s ,  M innesota ,  and Ontonogan, Michigan,  a r e a s ,  r e s p e c t i v e l y .
L i t t l e  i s  known abou t  v a r i a t i o n s  among FTC p o p u l a t i o n s ,  bu t  t h e  
h a t c h i n g  t im es  of  each wi l l  p robab ly  be s ynchron ized  with the  l e a f  
f l u s h i n g  of  i t s  p r imary  h o s t  p l a n t s  j u s t  as  Wickman (1976) r e p o r t e d  
f o r  t h e  D o u g l a s - f i r  t u s s o c k  moth, Orgyia  p s e u d o t s u g a . P l a n t s  with 
d i f f e r e n t  p he no log ie s  c o u ld ,  t h e r e f o r e ,  r e s u l t  in  d i f f e r e n t  h a t c h i n g  
d a t e s  f o r  t h e  FTC. As an example,  eggs of  FTC on Acer saccharum 
Marsh, i n  Ind iana  r e q u i r e d  60-80% more h e a t  u n i t s  t o  ha tch than 
eggs on t r e m b l in g  a spen ,  Populus  t r e m u lo i d e s  Michx. ,  in no r the rn  
Michigan (Mattson and E r ic kson  1978) .
Host  t r e e s  in  L o u i s i a n a  began l e a f  f l u s h  from March 3 th rough  
March 16 dur ing  t h e  3 y r  of  t h e  s tu d y .  Mattson and Er ickson
(1978) found t h a t  beg inn ing  l e a f  f l u s h  was in e a r l y  May f o r  t h e  8 
y r  of  t h e i r  s tudy  in  Minnesota .  The combined r e s u l t s  of  a l l  
s t u d i e s  o f  degree  day u n i t s  i n d i c a t e d  t h a t  p ho tope r iod  and l e a f  
f l u s h  a r e  p robab ly  t h e  im por ta n t  v a r i a b l e s  ( a long  with tem pera ­
t u r e )  a s s o c i a t e d  wi th  h a tc h in g  d a t e s  of  t h e  FTC. The l a r g e
d i f f e r e n c e s  in  t h e  number of  degree  days n e c es s a ry  f o r  FTC ha tch  
i n  Minnesota  and L o u i s i a n a  showed t h a t  f a c t o r s  o t h e r  than degree 
days a r e  invo lved  with t h e  FTC h a tc h .
P a r t i a l  L i f e  T a b le s  -  P a r t i a l  l i f e  t a b l e s  were c o n s t r u c t e d  
f o r  f i e l d  p o p u l a t i o n s  a t  each of  the  s tudy  s i t e s  S o r r e n t o ,  V e r r e t ,  
and A l l i g a t o r  f o r  y e a r s  1981 and 1982 (Tables  6 - 1 1 ) .  Total  egg 
th rough a d u l t  m o r t a l i t y  was c a l c u l a t e d  to  be 99.9% f o r  t h e  
S o r r e n t o  s i t e  (1981) ,  97.9% f o r  the  V e r r e t  s i t e  (1981) ,  98.6% f o r  
t h e  A l l i g a t o r  s i t e  (1981 ) ,  99.3% f o r  t h e  So r re n to  s i t e  (1982) ,  
97.2% f o r  t h e  V e r r e t  s i t e  (1982) ,  and 99.0% f o r  the  A l l i g a t o r  s i t e  
(1982) .
The n e t  r e p r o d u c t i v e  r a t e s  f o r  t h e  f i e l d  p o p u l a t i o n s  a re  
l i s t e d  i n  Tab le  12. The c a p a c i t y  of  FTC p o p u l a t i o n s  t o  r i s e  and 
f a l l  r a d i c a l l y  was a p p a r e n t  f o r  a l l  s i t e s .  The ne t  r e p r o d u c t i v e  
r a t e  f o r  t h e  1982 (1982-83 eggs )  S o r re n to  p o p u la t io n  was on ly  11% 
o f  the  p r e v io u s  y e a r .  The n e t  r e p r o d u c t i v e  r a t e  a t  V e r r e t  in  1983 
(1982-83 eggs)  was 487% more than  th e  p rev io u s  y e a r ,  which had 
i n c r e a s e d  342% in 1982 (1981-82 e g g s ) .  The l a r g e s t  n e t  r ep roduc ­
t i v e  r a t e  was f o r  t h e  A l l i g a t o r  s i t e  f o r  1982-83 eggs (538%). The 
n e t  r e p r o d u c t i v e  r a t e ,  t h e n ,  ranges  from a de c re a s e  of  a f a c t o r  of 
11% of  t h e  p rev ious  y e a r ' s  p o p u l a t io n  t o  a maximum i n c r e a s e  o f  
538% in  one y e a r .  D i f f e r e n c e s  between p l o t s  and y e a r s  most 
probab ly  a re  due t o  FTC i n t r a s p e c i f i c  c o m p e t i t io n  (food d e p l e t i o n )  
and environmental  p a ra m e te r s  such as w ea the r  and l e n g t h  of  t ime of 
f l o o d i n g  of  each s i t e .  The l i f e  t a b l e  a n a l y s i s  s u b s t a n t i a t e s  the
T a b l e  6 .  P a r t i a l  l i f e  t a b l e  f o r  FTC a t  t h e  S o r r e n t o  s i t e ,  1981.
Age
I n t e r v a l
No. A l iv e  a t  
B e g in n in g  o f  X*
No. Dying 
D u r in g  X (Dx)
F a c t o r  R e s p o n s ib l e  
f o r  Dx Lx-Dx*
Dx as  a % 
o f  Lx* (lOOqx)
Egg Mass/Ha 1 3 ,6 1 9 .8 6  
± 300.73
P o p u l a t i o n  Measurement 
on a P e r  Ha 
B a s i s
Eggs/Ha 4 ,3 8 4 , 5 0 4 . 0  
± 5 9 6 ,2 7 7 .5
2 3 ,7 3 0 .3
7 5 ,8 5 1 .9
3 8 4 ,9 5 9 .5
I n f e r t i l e
Empty
P a r a s i t i s m
4 . 3 6 0 .7 7 3 .7
4 . 2 8 4 . 9 2 1 . 8  
3 ,8 9 9 , 9 6 2 . 3
0 . 5 4
1 .73
8 .7 8
L a rv a e  
I n s t a r s  1-3
3 , 8 9 9 , 9 6 2 . 3  
± 7 8 9 ,9 8 3 .1 1 2 , 2 2 8 , 4 3 8 . 5
R e l a t i v e  P o p u l a t i o n  
E s t i m a t e  
To ta l  M o r t a l i t y 1 , 6 7 1 ,5 2 3 .8 57 .14
I n s t a r  4 1 , 6 7 1 ,5 2 3 .8 2 8 5 ,3 2 9 .1  
( 1 4 ,8 7 6 .6 )  
(2 6 8 ,6 1 3 .9 )  
( 1 ,8 3 8 .7 )
To ta l  M o r t a l i t y  
( F u n g i )
(NPV)
(Unknown)
1 ,3 8 6 ,1 9 4 .7 17.07 
( 0 . 8 9 )  
( 1 6 .0 7 )  
( 0 . 1 1 )
I n s t a r  5 1 , 3 8 6 ,1 9 4 .7 2 1 9 ,9 8 9 .1  
( 5 1 ,9 8 2 .3 )  
(1 6 8 ,0 0 6 .8 )
T o ta l  M o r t a l i t y  
( F u n g i )
(NPV)
1 ,1 6 6 ,2 0 5 .6 15.87 
( 3 .7 5 )  
( 1 2 .1 2 )
Pupae 1 ,1 6 6 ,2 0 5 .6 1 ,1 6 3 , 7 5 6 . 6  
( 9 1 3 ,3 7 2 .2 )  
( 1 2 ,9 4 4 .9 )  
( 4 7 , 2 3 1 . 3 )  
( 1 0 7 ,1 7 4 .3  
( 8 3 , 0 3 3 . 8 )
T o ta l  M o r t a l i t y  
( S a rc o p h a g id a e )  
( Ichne um onidae )  
( F u n g i )
(NPV)
(Unknown)
2 , 4 9 7 .0 9 9 .79  
( 7 8 .3 2 )  
( 1 .1 1 )  
( 4 . 0 5 )  
( 9 .1 9 )  
( 7 .1 2 )
A d u l t s 2 , 4 9 7 .0
* X = l i f e  s t a g e ;  Lx = number a l i v e  a t  t h e  b e g i n n i n g  o f  each  l i f e  s t a g e ;  Dx
d y in g  d u r i n g  ea ch  l i f e  s t a g e .
number
T a b l e  7 .  P a r t i a l  l i f e  t a b l e  f o r  FTC a t  t h e  V e r r e t  s i t e ,  1981.
Age
I n t e r v a l
No. A l iv e  a t  
B e g in n in g  o f  X*
No. Dying 
D u r in g  X (Dx)
F a c t o r  R e s p o n s ib l e  
f o r  Dx Lx-Dx*
Dx as a % 
o f  Lx* (100 qx)
Egg Mass/Ha 1 ,7 3 9 .3 4  
± 4 88 .24
P o p u l a t i o n  Measurement 
on a P e r  Ha B a s i s
Eggs/Ha 6 0 0 ,4 2 0 .1 7  
± 2 5 7 ,3 4 4 .4 8
2 5 ,0 3 7 .5 2
3 ,8 4 2 .6 9
1 5 3 ,4 0 7 .3 5
I n f e r t i l e
Empty
P a r a s i t i s m
5 7 5 ,3 8 2 .6 5
5 7 1 ,5 3 9 .9 6




L arv ae  
I n s t a r s  1-3
4 1 8 ,1 3 2 .6 1  
± 2 8 3 ,6 5 3 .2 0
T o ta l  M o r t a l i t y 3 1 .7 5
I n s t a r  4 2 7 8 ,7 2 6 .3 2 2 3 ,6 2 2 .1 T o ta l  M o r t a l i t y 5 5 ,1 0 4 .2 8 0 .2 3
I n s t a r  5 5 5 ,1 0 4 .2 2 9 ,9 3 2 .6  
( 2 ,6 2 3 .0 )  
( 2 7 ,3 0 9 .6 )
T o ta l  M o r t a l i t y  
(NPV)
(Unknown)
5 4 .32  
( 4 .7 6 )  
( 4 9 .5 6 )
Pupae 2 5 ,1 7 1 .6 1 2 ,6 9 7 .8  
( 1 0 ,1 7 6 .9 )  
( 1 1 0 .8 )  
( 5 5 .4 )  
( 2 , 3 5 8 .6 )
T o ta l  M o r t a l i t y  
( S a rc o p h a g id a e )  
( Ichneum onidae)  
( F u n g i )
(NPV)
1 2 ,4 7 3 .8 5 0 .46  
( 4 0 .4 3 )  
( 0 .4 4 )  
( 0 .2 2 )  
( 9 .3 7 )
A d u l t s 1 2 ,4 7 3 .8
* X = l i f e  s t a g e ;  Lx = number a l i v e  a t  t h e  b e g i n n i n g  o f  each  l i f e  s t a g e ;  Dx
d y in g  d u r i n g  each  l i f e  s t a g e .
number
T a b l e  8 .  P a r t i a l  l i f e  t a b l e  f o r  FTC a t  t h e  A l l i g a t o r  s i t e ,  1981.
Age
I n t e r v a l
No. A1 iv e  a t  
B e g in n in g  o f  X*
No. Dying 
D u r in g  X (Dx)
F a c t o r  R e s p o n s ib l e  
f o r  Dx Lx-Dx*
Dx as  a % 
o f  l x * (1 0 0 q x )
Egg Mass/Ha 3 , 2 9 0 .9 6  
± 1 ,6 5 3 .3 1
P o p u l a t i o n  Measurement 
on a P e r  Ha B a s i s
Eggs/Ha 9 8 2 ,1 1 7 .9  
± 3 3 4 ,5 3 1 .4
6 5 ,3 1 0 .8
1 3 3 ,9 6 0 .9
I n f e r t i l e
Empty
P a r a s i t i s m
9 1 6 .8 0 7 .1
7 8 2 .8 4 6 .2
6 .6 5
1 3 .64
L arvae  
I n s t a r s  1-3
7 8 2 ,8 4 6 .2
3 7 9 ,1 3 2 .4 T o ta l  M o r t a l i t y 4 0 3 ,7 1 3 .8 4 8 .4 3
I n s t a r  4 4 0 3 ,7 1 3 .8 1 2 9 ,8 7 4 .7 T o ta l  M o r t a l i t y 2 7 3 ,8 3 9 .0 32.17
I n s t a r  5 2 7 3 ,8 3 9 .0 7 9 ,9 8 8 .4 T o ta l  M o r t a l i t y  
( F u n g i )
(NPV)
(Unknown)
1 9 3 ,8 5 0 .6 29 .21
P upae 1 9 3 ,8 5 0 .6  
(4  x 8 2 2 .7  x 2)
1 6 7 ,2 3 4 .9  
( 5 2 ,4 5 6 .0 )  
( 5 ,6 2 1 .7 )  
( 3 , 8 7 7 . 0 )  
( 7 ,1 9 1 .9 )  
( 9 8 ,0 8 8 .4 )
T o ta l  M o r t a l i t y  
( S a rc o p h a g id a e )  
( Ichneum onidae)  
( F u n g i )
(NPV)
(Unknown)
2 6 ,6 2 2 .6 86 .27  
( 2 7 .0 6 )  
( 2 .9 0 )  
( 2 .0 0 )  
( 3 .7 1 )  
( 5 0 .6 0 )
A d u l t s 2 6 ,6 2 2 .6
* X = l i f e  s t a g e ;  Lx = number a l i v e  a t  t h e  b e g i n n i n g  o f  each  l i f e  s t a g e ;  Dx
d y in g  d u r i n g  each  l i f e  s t a g e .
= number
T a b l e  9 .  P a r t i a l  l i f e  t a b l e  f o r  FTC a t  t h e  S o r r e n t o  s i t e ,  1982.
Age
I n t e r v a l
No. A l iv e  a t  
B e g in n in g  o f  X*
No. Dying 
D u r in g  X (Dx)
F a c t o r  R e s p o n s ib l e  
f o r  Dx Lx-Dx*
Dx as a % 
o f  Lx* (lOOqx)
Egg Mass/Ha 1 ,2 5 1 .8 3  
± 5 95 .36
P o p u l a t i o n  Measurement 
on a  P e r  Ha B a s i s
Eggs/Ha 4 8 4 ,2 0 7 .8 4  
± 1 1 3 ,7 4 6 .9 6
1 5 ,4 9 4 .6 5
1 5 ,5 4 3 .0 7
9 3 ,7 4 2 .6 4
I n f e r t i l e
Empty
P a r a s i t i s m
4 6 8 ,7 1 3 .1 9
4 5 3 ,1 7 0 .1 2
3 5 9 ,4 2 7 .4 8
3 .2 0
3 .2 1  
1 9 .36
L arv ae  
I n s t a r s  1-3
3 5 9 ,4 2 7 .4 8
1 4 2 ,3 3 3 .2 8  
( 1 8 ,9 0 5 .8 9 )
R e l a t i v e  P o p u l a t i o n  
M easurement 
T o ta l  M o r t a l i t y  
( i n c l u d i n g  Dx amount 
o f  f u n g i )
2 1 7 ,0 9 4 .2 0 3 9 .60  
( 5 .2 6 )
I n s t a r  4 2 1 7 ,0 9 4 .2 0 6 7 ,2 9 9 .2 T o ta l  M o r t a l i t y 1 4 9 ,7 9 5 .0 3 1 .00
I n s t a r  5 1 4 9 ,7 9 5 .0 2 4 ,1 7 6 .9  
( 4 , 8 0 8 . 4 )  
( 1 9 ,3 6 8 .5 )
T o ta l  M o r t a l i t y  
( F u n g i )
(NPV)
1 2 5 ,6 7 8 .0 16 .14  
( 3 .2 1 )  
(1 2 .9 3 )
Pupae 1 2 5 ,6 1 8 .1 1 2 2 ,1 1 3 .4  
( 2 8 ,8 5 4 . 5 )  
( 1 1 ,9 8 4 .0 )  
( 8 , 8 5 6 .1 )  
( 7 2 ,4 0 6 .3 )
T o ta l  M o r t a l i t y  
(S a rc o p h a g id a e )  
( Ichne um onidae )  
( F u n g i ) 
(Unknown)
3 , 5 1 1 .8 97 .21  
(2 2 .9 7 )  
( 9 .5 4 )  
( 7 .0 5 )  
(5 7 .6 4 )
A d u l t s 3 , 5 1 1 . 8
* X = l i f e  s t a g e ;  Lx = number a l i v e  a t  t h e  b e g i n n i n g  o f  each  l i f e  s t a g e ;  Dx = number
d y in g  d u r i n g  each  l i f e  s t a g e .
T a b l e  10.  P a r t i a l  l i f e  t a b l e  f o r  FTC a t  t h e  A l l i g a t o r  s i t e ,  1982.
Age
I n t e r v a l
No. AI i ve a t  
B e g in n in g  o f  X*
No. Dying 
D ur ing  X (Dx)
F a c t o r  R e s p o n s i b l e  
f o r  Dx Lx-Dx*
Dx as  a % 
o f  Lx* (lOOqx)
Egg Mass/Ha 1 3 ,3 1 1 .9 3  
± 8 ,3 2 2 .1 1
P o p u l a t i o n  Measurement 
on a P e r  Ha B a s i s
Eggs/Ha 5 ,2 8 7 , 4 9 8 . 6  
± 4 2 9 ,5 9 3 .4
8 0 ,3 6 9 .9 8
1 4 ,2 7 6 .2 5
6 1 2 ,8 2 1 .0 9
I n f e r t i l e
Empty
P a r a s i t i s m
5 ,2 0 7 ,1 2 8 .6 2
5 ,1 9 2 ,8 5 2 .3 7





I n s t a r s  1-3
4 , 5 8 0 , 0 3 1 . 3 1 , 4 0 1 , 4 8 9 . 6
( 1 0 9 ,9 2 0 .8 )  
( 1 , 2 9 1 , 5 6 8 . 8 )
R e l a t i v e  P o p u l a t i o n  
M easurement 
T o ta l  M o r t a l i t y  
( F u n g i )
(Unknown)
3 ,1 7 8 , 5 4 1 . 7 3 0 .6 0
( 2 .4 0 )  
(2 8 .2 0 )
I n s t a r  4 3 , 1 7 8 ,5 4 1 .7 2 ,6 9 1 , 5 8 9 . 1  
( 5 1 ,1 7 4 .5 )  
( 2 , 6 4 0 , 4 1 4 . 6 )
T o ta l  M o r t a l i t y  
( F u n g i ) 
(Unknown)
4 8 6 ,9 5 2 .6 8 4 .6 8  
( 1 .6 1 )  
(8 3 .0 7 )
I n s t a r  5 4 8 6 ,9 5 2 .6 1 3 4 ,2 0 4 .1  
( 1 5 ,1 9 2 .9 )  
( 1 1 9 ,0 1 1 .2 )
T o ta l  M o r t a l i t y  
( F u n g i )
(NPV)
3 5 2 ,7 4 8 .5 27 .56  
( 3 .1 2 )  
(2 4 .4 4 )
Pupae 3 5 2 ,7 4 8 .5 3 0 0 ,5 0 6 .4  
( 1 0 3 ,7 4 3 .3 )  
( 5 0 ,7 2 5 .2 )  
( 1 4 6 ,0 3 7 .9 )
T o ta l  M o r t a l i t y  
(S a rc o p h a g id a e )  
( F u n g i ) 
(Unknown)
5 2 ,2 4 1 .4 8 5 .19
(2 9 .4 1 )
(1 4 .3 8 )
(4 1 .4 0 )
A d u l t s 5 2 ,2 4 1 .4
* X = l i f e  s t a g e ;  Lx = number a l i v e  a t  t h e  b e g i n n i n g  o f  ea ch  l i f e  s t a g e ;  Dx = number
d y in g  d u r i n g  each  l i f e  s t a g e .
T a b l e  11. P a r t i a l  l i f e  t a b l e  f o r  FTC a t  t h e  V e r r e t  s i t e ,  1982.
Age
I n t e r v a l
No. A l iv e  a t  
B e g in n in g  o f  X*
No. Dying 
D ur ing  X (Dx)
F a c t o r  R e s p o n s ib l e  
f o r  Dx Lx-Dx*
Dx as  a % 
o f  Lx* (lOOqx)
Egg Mass/Ha 6 ,2 3 7 .1 7  
± 2 ,3 4 6 .3 4
P o p u l a t i o n  Measurement 
on a P e r  Ha B a s i s
Eggs/Ha 2 ,0 5 6 ,3 6 8 .1 3  
± 1 7 9 ,6 9 8 .9 2
2 3 ,0 3 1 .3 2
2 8 ,3 7 7 .8 8
6 0 8 ,8 9 0 .6 0
I n f e r t i l e
Empty
P a r a s i t i s m
2 ,0 3 3 ,3 3 6 .8 1
2 ,0 0 4 ,9 5 8 .9 3




L arvae  
I n s t a r s  1-3
1 , 3 9 6 .0 6 8 .3 3
6 8 5 ,6 0 9 .2
( 1 5 5 ,1 0 3 .2 )
( 5 3 0 ,5 0 6 .0 )
R e l a t i v e  P o p u l a t i o n  
E s t i m a t e s  
T o ta l  M o r t a l i t y  
( F u n g i )
(Unknown)
7 1 0 ,4 5 9 .2 49 .11
(1 1 .1 1 )
(3 8 .0 0 )
I n s t a r  4 7 1 0 ,4 5 9 .2 4 3 2 ,1 0 1 .3  
( 4 2 , 9 1 1 . 7 )  
( 3 8 9 ,1 8 9 .6 )
T o ta l  M o r t a l i t y  
( F u n g i ) 
(Unknown)
2 7 8 ,3 5 7 .9 6 0 .82  
( 6 .0 4 )  
(5 4 .7 8 )
I n s t a r  5 2 7 8 ,3 5 7 .9 1 1 .2 7 3 .5
1 1 .2 7 3 .5
T o ta l  M o r t a l i t y  
(NPV)
2 6 7 ,0 8 4 .4 4 .0 5  
( 4 .0 5 )
Pupae 2 6 7 ,0 8 4 .4 2 0 9 ,3 6 7 .5  
( 4 9 ,1 4 3 . 5 )  
( 1 6 ,2 3 8 .7 )  
( 3 1 ,0 6 1 .9 )  
( 7 2 1 .1 )  
( 1 1 2 ,2 0 2 .2 )
T o ta l  M o r t a l i t y  
(S a rc o p h a g id a e )  
( Ichne um onidae )  
( F u n g i )
(NPV)
(Unknown)
7 8 .39  
(1 8 .4 0 )  
( 6 .0 8 )  
(1 1 .6 3 )  
( 0 .2 7 )  
(4 2 .0 1 )
A d u l t s 5 7 ,7 2 1 .4
* X -  l i f e  s t a g e ;  Lx = number a l i v e  a t  t h e  b e g i n n i n g  o f  each  l i f e  s t a g e ;  Dx = number
dy ing  d u r i n g  ea ch  l i f e  s t a g e .
Table  12 .  The n e t  r e p r o d u c t i v e  r a t e s  (Ro) f o r  FTC a t  S o r r e n t o ,  
V e r r e t ,  and A l l i g a t o r  s i t e s ,  1982 and 1983.
Year S i t e Ro-/
1982 S o r re n to 0.11
1983 S o r re n to 1.47
1982 V e r r e t 3.42
1983 V e r re t 4.87
1982 A11i g a t o r 5.38
1983 A l l i g a t o r 1.67
- /  Formula R0 =
where Nt  = t h e  number o f  e g g s /h a  f o r  g e n e r a t i o n  x + 1, and N0 = 
t h e  number e ggs /ha  f o r  g e n e r a t i o n  x.
f a c t  t h a t  the  FTC p o p u l a t i o n s  a t  t h e s e  s i t e s  i n c r e a s e d  or  
d e c re a s ed  a t  d i f f e r e n t  r a t e s .
The major ( b i o t i c )  causa l  a ge n ts  of  m o r t a l i t y  i d e n t i f i e d  
dur ing  c o n s t r u c t i o n  of  t h e  l i f e  t a b l e s  were p a r a s i t o i d s .  Six 
s p e c i e s  o f  pr imary  p a r a s i t o i d s  were r e a r e d  from FTC, bu t  only two 
s p e c i e s  of  egg p a r a s i t o i d s  and one l a t e  l a r v a l - p u p a l  p a r a s i t o i d  
caused  c o n s i s t e n t  and s i g n i f i c a n t  ( r e a l )  m o r t a l i t y  (>10%).
The most im p o r ta n t  p a r a s i t o i d s  a long  with p r e d a t o r s  and o t h e r  
m o r t a l i t y  a ge n ts  of  l e s s e r  importance  a r e  l i s t e d  in  Table  13.
Based on th e  number of  egg masses /ha  p r e s e n t  f o r  each 
s ubsequen t  y e a r ,  i t  would appear  t h a t  s t a r v a t i o n  was the  m o r t a l i t y  
agen t  t h a t  p robab ly  had th e  most i n f l u e n c e  over  p o p u l a t i o n  
r e g u l a t i o n .  S t a r v a t i o n  was observed in  t h e  e a r l y  FTC i n s t a r s  a t  
t h e  V e r re t  and A l l i g a t o r  s i t e s  i n  1980 and a n e a r ly  complete  
p o p u l a t i o n  c o l l a p s e  r e s u l t e d .  However, no complete  s t a r v a t i o n  
o c c u r r e d  du ring th e  l i f e  t a b l e  da ta  g a th e r in g  phase (1981-1982)  of  
t h i s  r e s e a r c h  and,  as a r e s u l t ,  s t a r v a t i o n  was no t  documented as  a 
dominant  f a c t o r  r e g u l a t i n g  FTC p o p u l a t i o n s .  Late  i n s t a r  l a r v a l  
s t a r v a t i o n  was obse rved  a t  p o r t i o n s  of  the  A l l i g a t o r  s i t e  in  1982. 
Many of  t h e  l a r v a e  s t a r v e d  du r ing  th e  f i f t h  i n s t a r ,  and on ly  7% of  
t h e  o r i g i n a l  p o p u l a t i o n  s u rv iv e d  to  the  pupal s t a g e .
P r i c e  (1975) p r e s e n t e d  two b a s i c  types  of  s u r v i v o r s h i p  
c u rv e s :  1) t h e  "A" t y p e ,  where g r e a t e r  than  70% of  the  t o t a l  mor­
t a l i t y  occurs  b e f o r e  t h e  m id - l a r v a l  s t a g e  of  t h e  i n s e c t s  d e v e lo p ­
ment; and 2)  type  "B" where 40% or  l e s s  of  t h e  t o t a l  m o r t a l i t y  i s
Table  13.  M o r t a l i t y  a g e n t s  a s s o c i a t e d  wi th  f i e l d  p o p u l a t i o n s  of  
t h e  FTC i n  L o u i s i a n a .
P a r a s i t o i d / P r e d a t o r Host Stage Attacked
Hymenoptera *
A phe l in ida e  
A b le rus  c l i s i o c a m p a e  (Ashmead) Egg
E n c y r t i d a e  *
Ooencyr tus  c l i s i o c a m p a e  (Ashmead) Egg
Ichneumonidae 
I t o p l e c t i s  c o n q u i s i t o r  (Say) 





Hemi p t e r a  
Pen ta tomidae  
Pod isus  m a c u l i v e n t r i s  (Say)
Reduvi idae 




f e e d in g  on 
f o u r t h  i n s t a r )
(obse rved 
f e e d in g  on 
f i f t h  i n s t a r )
Ze lus  l u r i d u s  S ta l  (= Z. e x s angu i s )
D ip t e r a  *
Sa rcophag idae  
Sarcophaga houghi A ld r i c h
Larvae
Pupae
(obse rved  
f ee d ing  on 
f o u r t h  i n s t a r )
Fungi
Beauvari a  b a s s i a n a  (Balsamo) V e i l l e m in Larval
pupae
s t a g e s  3-5 and
Metarhyzzium sp. Larval s t a g e s  3-5
N uc le r  P o l y h e d r o s i s  V i rus  
(Undetermined)
Larval s t a g e s  3-5
* Caused n o t i c e a b l e  m o r t a l i t y  th rou g h o u t  a l l  s i t e s / y e a r s  of  t h e  
s t u d y .
accounted  f o r  a t  the  m id - l a r v a l  s t a g e .  The combined g e n e r a t i o n / y r  
s u r v i v o r s h i p  of t h e  1981 and 1982 FTC p o p u la t io n  i s  d e p ic t e d  in  
F i g .  3 .  The s u r v i v o r s h i p  of  the  FTC du r in g  the  y e a r s  of  t h i s  
s tudy  do n o t  f i t  e i t h e r  of  t h e  major types  of cu rves  d i s c u s s e d  by 
P r i c e  (1975) ,  b u t  r a t h e r  seem to f i t  between t h e s e  two curves  
( F i g .  3 ) .  Slobodkin (1962)  t h e o r i z e d  t h a t  t h e r e  were fou r  b a s i c  
t y p e s  of c u rv e s :  1) m o r t a l i t y  a c t s  most  h e a v i l y  on the  o l d e r
i n d i v i d u a l s ;  2) a c o n s t a n t  number of t h e  p o p u la t io n  die  per  u n i t  
o f  t im e ;  3) m o r t a l i t y  r a t e  i s  c o n s t a n t ;  and 4) m o r t a l i t y  a c t s  most 
h e a v i l y  on the  younger  s t a g e s .  The type  t h r e e  curve o f  Slobodkin 
seems to  be r e p r e s e n t a t i v e  of  the  FTC s u r v i v o r s h i p  in  L o u i s i a n a .
FTC Egg Mass D ens i ty  and Number o f  Eggs/Mass -  During June 
1980, the  r e l a t i v e  FTC egg mass d e n s i t y  was high a t  t h e  S o r re n to  
s i t e ,  low a t  V e r r e t  s i t e ,  and moderate  to  low a t  A l l i g a t o r  s i t e  
(Table  14 ) .  The r e l a t i v e  l a r v a l  p o p u l a t i o n s  p receed ing  t h e  1980 
egg mass sampling were:  1) S o r r e n t o ,  high ;  2) V e r r e t ,  ve ry  high
( s t a r v a t i o n ) ;  and 3) A l l i g a t o r ,  very h igh  ( s t a r v a t i o n ) .
The 1980 FTC egg mass d e n s i t y  was r e f l e c t e d  by s i m i l a r  popu­
l a t i o n s  of  FTC l a r v a e  du r in g  th e  s p r i n g  of  1981, i r r e s p e c t i v e  of  
p a r a s i t i s m  and i n f e r t i l i t y .  The 1981 egg mass d e n s i t y  d a ta  
i n d i c a t e d  t h a t  t h e  FTC p o p u l a t i o n s  ( in  comparison with t h o s e  i n  
1980) f e l l  from very high to  very low a t  the  S o r r e n t o  s i t e ,  
i n c r e a s e d  from a low l e v e l  to  a moderate  l e v e l  a t  V e r r e t ,  and 
i n c r e a s e d  from a moderate  l eve l  to  a very high l e v e l  a t  A l l i g a t o r .  
Subsequen t  p o p u l a t i o n  e s t i m a t e s  based on t h e s e  egg m a s s / s i t e  da ta
F i g .  3 .  S u r v i v o r s h i p  o f  1981 a n d  1 9 8 2  g e n e r a t i o n s  
( s i t e s  a n d  y e a r s  c o m b i n e d )  o f  t h e  FTC i n  s o u t h e r n  
Loui s i ana.
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T a b l e  1 4 .  Mean n u m b e r  o f  FTC e g g  m a s s e s  p e r  t r e e / s i t e / y e a r ,
L o u i s i a n a  1 9 8 1 - 8 3 .
Study S i t e n-W
No. FTC Egg 
M a ss e s /T re e  
1980 ( f o r  1981 
h a t c h ) S . E * n
Ho. FTC Egg 
M a ss e s /T re e  
1981 ( f o r  1982 
h a t c h ) S .E . n
No. FTC Egg 
M a ss e s /T re e  
1982 ( f o r  1983 
h a t c h ) S .E .
S o r r e n t o 10 2 0 .4 6 .5 2 24 1 .9 0 .4 3 8 2 .6 0 .7 5
V e r r e t 16 2 .6 0 .7 2 11 9 .2 1 .5 5 6 3 8 .8 9 .6 2
A11 i g a t o r 12 4 . 0 0 .9 1 11 1 6 .2 4 .5 4 16 3 1 .8 3 .5 7
— n = t h e  number o f  t r e e s  c u t  and examined f o r  egg masses .
—  S .E.  = t h e  s t a n d a r d  e r r o r  o f  t h e  mean.
55
agreed wi th  l a r v a l  p o p u l a t i o n s  t h a t  were found dur in g  1982. The 
1983 l a r v a l  p o p u l a t i o n ,  based on egg m a s s e s / t r e e  f o r  each s i t e  
were:  1) S o r r e n t o ,  c o n t in u e d  low p o p u l a t i o n ;  2) V e r r e t ,  i n c r e a s e
to a l a r v a l  s t a r v a t i o n  c o n d i t i o n ;  and 3) A l l i g a t o r ,  i n c r e a s e  to  a 
l a r v a l  s t a r v a t i o n  c o n d i t i o n .
In examining egg mass d e n s i t y  p a r t i t i o n e d  by crown l e v e l ,  i t  
was found t h a t  more eggs were l a i d  in  the  upper  crown (Table  15) .  
The mid-crown had th e  second l a r g e s t  number of egg masses and the  
lower crown had th e  l e a s t .  The number of eggs pe r  egg mass a l s o  
seemed to  vary among crown p o s i t i o n s  (T ab le  16) ,  b u t  no 
s i g n i f i c a n t  d i f f e r e n c e s  were found amoung crown l e v e l s  in  t h e  
s t a t i s t i c a l  a n a l y s i s .  Except  f o r  stump s p r o u t s ,  t h e r e  a r e  few 
u n d e rs to ry  h o s t  t r e e s  a t  any of t h e  s tudy s i t e s .  Stump s p r o u t s  
were not  used as  o v i p o s i t i o n  s i t e s ,  t h u s ,  t h e  d a ta  were taken  from 
dominant  and co-dominan t  t r e e s  in  t h e  f o r e s t  canopy.
The number of  eggs/mass t h a t  s u rv iv e  to  h a t c h ,  p lu s  the  
i n c r e a s e  o r  de c re a s e  in  numbers of egg masses pe r  t r e e ,  p ro v id e s  
e s t i m a t e s  of p o p u l a t i o n  s i z e  (Shepherd and Brown 1971) .  The 
numbers of egg masses pe r  t r e e  and th e  numbers of  l i v e  l a r v a e  pe r  
egg mass dec re a sed  a t  t h e  S o r r e n to  s i t e  from 1981 to  1982 (Tab le s  
14 and 17) .  The p o p u l a t io n  change from t h a t  c aus ing  heavy 
d e f o l i a t i o n  to  t h a t  c aus ing  a low l e v e l  was r e a d i l y  o b s e r v a b l e .  
S t a r v a t i o n  appeared  to  be r e s p o n s i b l e  f o r  t h e  reduced number of  
egg m a s s e s / t r e e  and th e  subsequen t  p o p u l a t i o n  r e d u c t i o n  a t  V e r r e t  
i n  1981.
T a b l e  1 5 .  Mean n u m b e r  o f  FTC e g g  m a s s e s  by  c r o w n  p o s i t i o n  p e r
t r e e / s i t e / y e a r ,  L o u i s i a n a  1 9 8 0 - 8 1 .
1980 1981
S tudy  S i t e Upper Crown S .E r^ Mi d-Crown S .E . Lower Crown S .E . Upper Crown S .E . Mid-Crown S .E . Lower Crown S .E .
S o r r e n t o 1 4 .5 5 .9 6 9 .5 3 .8 6 4 .2 2 .2 3 3 .1 0 .9 9 1 .2 0 .3 5 1 .4 1 .2 0
V e r r e t 3 .5 0 .9 9 1 . 8 0 .7 0 0 .3 0 .2 1 2 . 9 0 .8 7 1 .3 0 .5 1 0 .7 .4 1
A l l i g a t o r 3 . 0 0 .6 3 0 . 5 0 . 3 4 0 . 2 0 .1 7 6 . 8 1 .2 6 4 .0 1 .9 7 0 .7 .3 3
—  S .E.  = s t a n d a r d  e r r o r  o f  t h e  mean.
T a b l e  1 6 .  Mean number o f  v i a b l e  FTC e g g s /m a s s  and m o r t a l i t y  by s e v e r a l  c a u s e s  f o r  t h r e e  crown
p o s i t i o n s ,  a l l  s t u d y  s i t e s  combined,  y e a r s  1981 and 1982.
Upper Crown Mi d-Crown Lower Crown
Category No. Eggs/Mass S .E .* No. Eggs/Mass S.E. No. Eggs/Mass S.E.
1981
Tota l  Eggs 345.8 16.81 280.7 15.66 348.0 17.52
V iab le 214.7 31.52 214.3 24.16 283.8 36.44
I n f e r t i l e 9.1 1.52 25.0 10.08 3.6 3.64
Empty 5.5 0.26 2 .9 2.12 8 .2 4.68
P a r a s i t i z e d 116.3 37.11 38.4 23.63 52.4 36.79
1982
Tota l  Eggs 353.4 10.67 394.2 30.39 392.3 51.00
V ia b le 288.2 11.55 298.6 37.15 310.9 55.87
I n f e r t i l e 3 .0 0.62 2.3 0.99 3.0 1.33
Empty 4.1 0.98 13.4 4.74 8 .5 4.45
P a r a s i t i z e d 56.0 4.77 80.2 16.61 69.9 21.84
* S .E .  = s t a n d a r d  e r r o r  of  t h e  mean.
T a b le  17 .  Mean number o f  v i a b l e  FTC e g g s /m a s s  and m o r t a l i t y  by s e v e r a l  c a u s e s  f o r  t h r e e  L o u i s i a n a  s tu d y
s i t e s ,  1981 and 1982.
So r re n to V e r r e t A11i g a to r
Category No. Eggs/Mass S .E .* No. Eggs/Mass S.E. No. Eggs/Mass S.E.
1981
Tota l  Eggs 338.8 13.41 307.9 26.11 335.9 27.95
V iab le 307.4 17.19 179.0 32.94 113.8 29.37
I n f e r t i l e 3 .8 1.74 33.4 11.60 11.7 4.74
Empty 4 .7 1.76 5.2 3.85 6.0 2.96
P a r a s i t i z e d 22.7 11.64 89.2 34.61 204.3 44.20
1982
Tota l  Eggs 378.3 37.92 316.0 15.81 397.2 15.15
V iab le 261.0 46.59 231.85 16.00 343.4 15.94
I n f e r t i l e 3.6 1.19 4.1 0.94 1.7 0.59
Empty 17.00 6.93 4 .4 10.00 5.4 1.46
P a r a s i t i z e d 94 .6 25.32 76.6 1.43 46.0 4.13
* S .E .  = s t a n d a r d  e r r o r  of  t h e  mean.
The V e r r e t t  p o p u l a t i o n  i n c r e a s e d  in  1982.  The V e r r e t  p a t t e r n  
was a t t r i b u t e d  to  changes in  numbers of  egg masses pe r  t r e e  (Table  
14) .  A l l i g a t o r  s i t e ,  where l a r v a e  s t a r v e d  in  1980, had a low to  
moderate  p o p u l a t i o n  l e v e l  i n  1981, and i n c r e a s e d  to  a s t a r v a t i o n  
l e v e l  aga in  in  1982. Approximately  a t h r e e - f o l d  i n c r e a s e  in 
numbers of  l i v e  l a r v a e  pe r  mass o c c u r r e d  from 1981 t o  1982 (Table  
17 ) ,  and t h e r e  was a f o u r - f o l d  i n c r e a s e  in  numbers of  egg masses
per  t r e e  (Table  14) .
Egg M o r t a l i t y  -  The mean number of  eggs /mass s u r v i v i n g  to  
ha tch  was h i g h e s t  in  t h e  lower crown, moderate  a t  t h e  mid-crown 
l e v e l  and lo w e s t  in  t h e  upper  crown. An a n a l y s i s  of  v a r i a n c e  was 
conducted and th e  means were found to  be no t  s i g n i f i c a n t l y  
d i f f e r e n t  (P 0 . 0 5 ) .  The number of v i a b l e  eggs/mass v a r i e d  among 
s i t e s  and y e a r s  (Table  17) .  Data were t aken  from egg masses 
c o l l e c t e d  1-2  weeks p r i o r  t o  h a tc h .  Egg v i a b i l i t y  seemed to  be 
r e l a t e d  t o  t h e  s i z e  of  t h e  FTC p o p u l a t io n  t h e  p receed ing  y e a r .
S o r r e n t o ,  wi th  a d e c l i n i n g  FTC p o p u l a t i o n ,  went  from a mean of
307 .4  v i a b l e  eggs/mass i n  1981 t o  261 .0  v i a b l e  eggs/mass i n  1982. 
At the  V e r r e t  s i t e  was i n c r e a s i n g  from a low p o p u l a t i o n  to  a 
moderate  p o p u l a t io n  and e x h i b i t e d  a growth in  t h e  number of v i a b l e  
eggs /mass  from 179 .0  t o  2 3 1 .8  i n  1982. The FTC p o p u l a t io n  
i n c r e a s e d  a t  t h e  A l l i g a t o r  s i t e  from a moderate  t o  a very high 
l e v e l ,  and t h e  number of  v i a b l e  eggs /mass s i g n i f i c a n t l y  i n c r e a s e d  
from 113 .8  t o  343 .4 .  The mean number of  egg m a s s e s / t r e e  a l s o  
i n c r e a s e d  from 4 . 0  (1981) t o  16 .2  (1982) .  The S o r re n to  FTC
p o p u la t io n  i n c r e a s e d  f o r  1983, with an i n c r e a s e  in eggs/mass from 
378 .0  (1982) to  4 0 5 .0 .  The number of  eggs a t  t h e  V e r r e t  s i t e  
in c r e a s e d  from 231.8 i n  1982, t o  347 .0  pe r  mass in  1983. At t h e  
A l l i g a t o r  s i t e  t h e r e  was a r e d u c t io n  in  t h e  number of  eggs/mass 
wi th  339 .0  eggs/mass as  compared t o  397 .2  t h e  ye a r  b e f o r e .  This  
s i t e  had an i n c r e a s e  from 16.2 egg m a s s e s / t r e e  to  3 1 . 8  eggs 
m a s s e s / t r e e ,  i n d i c a t i n g  t h a t  t h e  f o l i a g e  r e s o u r c e  w i l l  be exceeded 
aga in  in  1983. S t a r v a t i o n  probab ly  w i l l  occur  in  1983 a s  i t  d id 
i n  1982. T h e r e f o r e ,  t h e  p rognos i s  i s  f o r  low g e n e r a t i o n  s u r v i v a l  
i n  1983 and a low p o p u l a t i o n  in  1984.
I n f e r t i l e  and empty egg c a se s  were r e s p o n s i b l e  f o r  small 
amounts of  " m o r t a l i t y "  pe r  egg mass.  Maximum l o s s e s  from t h e s e  
m o r t a l i t y  a ge n ts  th ro u g h o u t  t h i s  s tudy were 18.0% and 8.9%, 
r e s p e c t i v e l y .
Rates  of p a r a s i t i s m  v a r i e d  among crown - l e v e l s ,  s tudy  s i t e s ,  
and y e a r s  (Tab le s  16 and  17) .  P a r a s i t i s m  was g r e a t e r  than o t h e r  
ca u se s  of  egg m o r t a l i t y ,  r ang ing  from 6.7% t o  60.8% of  the  mean 
t o t a l  number of  FTC eggs i n  a mass.
L a b o ra to ry  r e a r i n g s  o f  egg masses from a l l  t h r e e  s i t e s  
r e v e a l e d  t h a t  egg p a r a s i t e  emergence was h i g h e s t  f o r  t h o s e  masses 
from the  V e r r e t  s i t e  i n  both 1981 and 1982.  Examinat ion of  the  
emergence d a ta  by s i t e / y e a r  f o r  t h e  two major p a r a s i t o i d  s p e c i e s ,  
r e v e a l e d  t h a t  an a p h e l i n i d ,  Ab le rus  c l i s i o c a m p a e  (Ashmead) and an 
e n c y r t i d ,  Ooencyrtus  c l i s i o c a m p a e  (Ashmead), accounted f o r  96.8%
of  t h e  p a r a s i t o i d s  r e a r e d  from FTC egg masses .  Two o t h e r  
unde te rmined  s p e c i e s  emerged, b u t  due to  lack  of  s p e c i a l i s t s  a t  
t h e  I n s e c t  I d e n t i f i c a t i o n  Labora to ry  in  B e l t s v i l l e ,  Maryland,  
t h e s e  cou ld  only be i d e n t i f i e d  to  fami ly  (Eupelmidae and 
E n c y r t i d a e ) .
Sex r a t i o s  (male r fem a le )  f o r  A. c l i s i o c a m p a e  and 0_. 
c l i s i o c a m p a e  f o r  a l l  y e a r s  and s tudy s i t e s  combined were 1 :2 .5 2  
and 1 : 1 . 1 5 ,  r e s p e c t i v e l y .  Sex r a t i o s  s e p a r a t e d  by s tudy  s i t e  and 
y e a r  a r e  found in  Tab le  18. A. c l i s i o c a m p a e  had a mean o f  73.0% 
fem a le s  and CL c l i s io c a m p a e  had a mean of  55.0% fem ale s  when 
a ve rag ing  p a r a s i t e  emergence f o r  a l l  s i t e s  and y e a r s .  A l l i g a t o r  
s i t e  was t h e  only s i t e  t o  have a mean p e rc e n ta g e  of  females  (CL 
c l i s i o c a m p a e ) l e s s  t h a n  50.0%. Hodson (1939) found both t h e s e  
p a r a s i t o i d s  t o  be u n i v o l t i n e .  P a r a s i t o i d  emergence in t h e  
l a b o r a t o r y  o c c u r r e d  from egg masses c o l l e c t e d  from June th rough 
August  of  the  y e a r  of  the  egg d e p o s i t i o n  (egg d e p o s i t i o n  occurs  in 
l a t e  May and e a r l y  J u n e ) .  Some p a r a s i t o i d s ,  however,  c o n t inue d  t o  
emerge u n t i l  November. Whether the  p a r a s i t o i d s  t h a t  had emerged 
in  t h e  l a b o r a t o r y  would have emerged in  the  f i e l d  and then  
s e a rc h e d  f o r  a l t e r n a t e  h o s t s  o r  to  o v e rw in t e r  as a d u l t s  i s  
unknown. Hodson (1939) found t h a t  d iapause  was e a s i l y  broken f o r  
bo th  s p e c i e s .  Th is  c ou ld  e x p la i n  t h e  i r r e g u l a r  emergence no ted  in 
L o u i s i a n a .  Most A. c l i s i o c a m p a e  and 0.  c l i s i o c a m p a e  were obse rved  
t o  o v e r w in t e r  as  pupae in  FTC eggs and t h e s e  emerged th e  fo l low ing  
s p r i n g  a f t e r  FTC h a t c h .  Th is  o b s e r v a t i o n  agreed  wi th  Hodson's
T a b l e  18 .  P a r a s i t i s m  by Ab1e r u s  C l i s i o c a m p a e  a n d  O o e n c y r t u s  c l i s i o c a m p a e  
f r o m  FTC e g g  m a s s e s  a n d  s e x  r a t i o s  ( m a l e : f e m a l e )  w i t h  D r o p o r t i o n s  o f  f e m a l e s  
(%) f o r  a l l  s t u d y  s i t e s ,  1 9 8 0 - 8 1 .
S tu d y  S i t e Year
No. o f  Egg
Masses
O bserved
X No. o f  A. 
c l i s i o c a m p a e  
Emerged P e r  
Egg Mass
X No. o f  0 .  
c l i s i o c a m p a e  
Emerged P e r  
Egg Mass
A. c l i s i o c a m p a e  
Sex R a t i o s
0 .  c l i s i o c a m p a e  
Sex R a t i o s
S o r r e n t o 1 9 8 0 l / 66 1 .0 0 .3 1 : 2 . 7 (72.7%) 1 : 1 . 3 (75.0%)
1981 38 0 . 4 1 .0 ■ 1 : 3 . 0 (75.0%) 1 : 1 . 6 (61.5%)
V e r r e t 1980 15 20 .1 6 . 9 1 : 2 . 6 (72.2%) 1 : 1 . 7 (61.9%)
1981 57 1 .7 2 . 6 1 : 1 . 9 (65.3%) 1 : 0 . 8 (45.3%)
A l l i g a t o r 1980 5 6 .4 0 . 6 1 : 4 .3 (81.2%) 1 : 0 . 5 (33.3%)
1981 111 0 . 4 1 .1 1 : 2 . 4 (70.7%) 1 : 1 . 1 (53.2%)
Y ear  r e p r e s e n t s  t im e  t h e  FTC eggs  w ere o v i p o s i t e d .
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d a ta  where both p a r a s i t o i d s  emerged ca  30 days a f t e r  the  FTC 
h a t c h .
B i o t i c  Larval  and Pupal M o r t a l i t y  -  Sarcophaga houghi 
A l d r i c h ,  a s a rc o p h a g id  p a r a s i t o i d  of  f i f t h  i n s t a r  l a r v a e  and pupae 
(emerges from pupae) was t h e  most i m p o r ta n t  b i o t i c  agen t  caus ing  
m o r t a l i t y  to  FTC. This  m o r t a l i t y  ranged from 3.5% f o r  t h e  V e r r e t  
s i t e  in  1981 t o  78.3% f o r  t h e  S o r re n to  s i t e  in  1981. The S o r ren to  
s i t e  was "dry"  dur ing  th e  summer o f  1981 when £ .  houghi p a r a -  
s i t i z e d  t h e  l a r g e s t  p r o p o r t i o n  of  FTC. Ear ly  a u th o r s  (Hodson 
1941, Abrahamson and Harper  1973, and B a tzer  and Morr is  1978) have 
a t t r i b u t e d  t h e  lack  o f  p a r a s i t e  c o n t r o l  o f  FTC p o p u l a t i o n s  to 
water  f l u c t u a t i o n s  which drown S. houghi p u p a r i a .  Harper  and 
S t a rk  (1 9 8 2 ) ,  however,  found t h a t  most Ŝ . houghi p upa r ia  s tayed  
with t h e  FTC cocoon th ro u g h o u t  development  and,  t h e r e f o r e ,  were 
n o t  a f f e c t e d  by h y d r o lo g ic a l  changes .  We observed severa l  Ŝ . 
houghi p u p a r i a  t h a t  deve loped in  and on th e  FTC cocoons du r in g  
t h i s  s t u d y ,  b u t  t h e  i n n e r  a c t i o n  between FTC, j>. h ough i , water  
l e v e l s ,  and p a r a s i t i z a t i o n  of  FTC in  L ou i s iana  was no t  d e f i n e d .
F r a s s  c o l l e c t e d  from th e  t r a p s  a t  each s i t e  was c onve r ted  
i n t o  an index  of  FTC numbers.  The changes in  FTC numbers from one 
one i n s t a r  t o  t h e  n e x t  p rov ide d  an e s t i m a t e  of  the  t o t a l  FTC 
m o r t a l i t y  f o r  each i n s t a r  (Tab le  6 - 1 1 ) .  "Unknown" m o r t a l i t y  
c a t e g o r i e s  were i n c lu d e d  in  t h e  t o t a l  m o r t a l i t y  e s t i m a t e s  c a l ­
c u l a t e d  f o r  each i n s t a r .  "Unknown" m o r t a l i t y  ranged from 0.0% to  
a high of  83.07%.
The "dead unknown" c a te g o ry  c o n t r i b u t e d  h e a v i l y  to  the  
m o r t a l i t y  t o t a l s  f o r  FTC i n s t a r s  one and two. Larval p a r a s i t i s m  
o t h e r  than  by _S-. houghi was n e a r l y  n o n e x i s t e n t .  I t o p l e c t i s  
conqui  s i  t o r  (Say) ,  I s e r o p u s  c o e le b s  (Walsh) ,  and Coccygomimus 
marus ( C r e s s o n ) ,  t h r e e  p a r a s i t o i d s ,  were found in  very low numbers 
acco u n t in g  f o r  l e s s  t h a n  1.0% of  observed  m o r t a l i t y .
An undete rmined n u c l e a r  p o l y h e d r o s i s  v i r u s  and two f u n g i ,  
Beauveri a  b a s s i a n a  (Balsamo) Ve i l l emin  and Metarrh iz ium s p . ,  were 
found to  ac co u n t  f o r  small amounts of  p o p u l a t i o n  m o r t a l i t y  ( T a b le s  
6 - 1 1 ) .  Pentatomid  a d u l t s  and nymphs, r e d u v i i d  a d u l t s ,  and a n t s  
( C r e m a togas te r  s p . )  were observed f ee d ing  on FTC l a r v a e  and pupae.  
Birds  a l s o  fed upon FTC pupae as  evidenced  by t o r n  s i l k  c o v e r in g s  
o f  t h e  pupae. During high p o p u l a t i o n  p e r i o d s ,  FTC l a r v a e  were 
probab ly  fed  upon by f i s h  and o t h e r  a q u a t i c  p r e d a t o r s  as  they  
t r i e d  to  t r a v e r s e  t h e  w a t e r - h y a c i n t h  and d e b r i s  in the  wa te r  in  an 
a t t e m p t  t o  reach  a n o th e r  h o s t .
Depending upon t h e  i n s t a r  t h e  m a j o r i t y  of  the  FTC were i n ,  
s t a r v a t i o n  had d i f f e r e n t  e f f e c t s .  Where t h e  h o s t  s tand  was 
com ple te ly  d e f o l i a t e d  by f o u r t h  i n s t a r  FTC, t h e  su rv iv a l  r a t e s  
were much lower  than  i f  t h e  FTC l a r v a e  were in  the  f i f t h  i n s t a r .  
Nearly a l l  FTC s t a r v e d  a t  V e r r e t  in  1980 when most of  the  
p o p u l a t i o n  was in  the  f o u r t h  i n s t a r .  Most f o l i a g e  was consumed 
b e f o r e  t h e  f i f t h  i n s t a r  and pupae were found only when sampling 
n on -hos t  t r e e s  a long  t h e  a c ce s s  ro a d s .  Pop u la t i o n  recove ry  was 
slow as  i n d i c a t e d  by t h e  p r o g r e s s i o n  of  numbers of  egg m a s s e s / t r e e
(Table  14) .  The A l l i g a t o r  FTC p o p u l a t i o n  a l s o  exceeded the  h o s t  
f o l i a g e  r e s o u r c e  in  1980, bu t  t h i s  o c c u r r e d  when most of t h e  
p o p u l a t i o n  was in  the  f i f t h  i n s t a r .  The s u rv i v a l  and recovery  
p ro g re s s ed  much more q u ic k ly  he re  than a t  V e r r e t .  The 1981 y e a r  
a t  A l l i g a t o r  had low to  moderate  p o p u l a t i o n s ,  b u t  in  1982 
l o c a l i z e d  s t a r v a t i o n  o c c u r r e d  a t  t h e  f i f t h  i n s t a r .  Overal l  
s u r v i v a l  in  t h e  r e g i o n ,  however,  was s u f f i c i e n t  f o r  the  p r e d i c t e d  
1983 p o p u l a t io n  to  be even h i g h e r .  Due to  an i n c r e a s e  in  number 
o f  egg m a s s e s / t r e e ,  i t  i s  p r e d i c t e d  t h a t  in  1983 s t a r v a t i o n  w i l l  
occu r  b e fo r e  t h e  f i f t h  i n s t a r  and t h e  FTC p o p u la t io n  should  drop 
d r a m a t i c a l l y  ( a s  in  1980) .
B. Labora to ry  Rear ing R e s u l t s
Growth and Feeding  In d ic e s  -  In t h e  l a b o r a t o r y ,  f i r s t  i n s t a r  
l a r v a e  were observed  to  moult  to  the  second i n s t a r  w i th o u t  feed ing  
a pp rox im ate ly  42.0% of  t h e  t im e .  I t  i s  no t  known i f  t h e  number of  
FTC p e r  cage migh t  have a f f e c t e d  m o u l t in g ,  b u t  FTC fed  only when 
> f i v e  FTC were p r e s e n t  t o g e t h e r  in  each r e a r i n g  chamber.
Even wi th  > f i v e  FTC p e r  cage,  a l l  c a t e r p i l l a r s  did not  feed  
p r i o r  to  m o u l t in g .  Moult ing to  t h e  second i n s t a r  p r i o r  t o  f e e d in g  
p robab ly  oc curs  under  f i e l d  c o n d i t i o n s ,  b u t  t h e  e x t e n t  of  t h i s  
a c t i o n  was no t  de te rmined  by t h i s  r e s e a r c h .
Measurable  consumption was no t  found f o r  f i r s t  i n s t a r  l a r v a e  
i n  the  l a b o r a t o r y .  FTC fed  very l i t t l e ,  i f  a t  a l l ,  d u r in g  the  
f i r s t  i n s t a r  (Table  19) .  F o l i a g e  weight  a f t e r  f e e d i n g  was g r e a t e r  
than  th e  o r i g i n a l  f o l i a g e  w e igh t .  I n c r e a s e  in  t h e  we igh t  of 
f o l i a g e  due to  w a te r  up take  more than  o f f s e t  any s u r f a c e  a r e a  
(weight )  removed by f e e d i n g .
Mean d a i l y  consumption of  t u p e l o  l e a v e s  (mg) i n c r e a s e d  f o r  
each i n s t a r  two th rough  f i v e  (Table  20) ( F ig .  4 ) .  However, when 
sexes  a re  s e p a r a t e d ,  t h e  f o u r t h  i n s t a r  female FTC consumed l e s s  
f o l i a g e  d a i l y  than  th e  t h i r d  i n s t a r .  Leaf weight  va lu e s  were 
a d j u s t e d  to  accoun t  f o r  i n c r e a s e d  l e a f - w a t e r  c o n t e n t  on day one of  
consumption t e s t s  and e v a p o t r a n s p i r a t i o n  l o s s  on day two th rough 
f o l i a g e  change.
F i r s t  day w e igh t  ad ju s tm e n t  was +0.074 g (S.E.  = 0 .008)  p e r  g 
of  f o l i a g e  i n  each r e a r i n g  cage .  This  accoun ted f o r  t h e  w a te r  
s a t u r a t i o n  t h a t  oc c u r r e d  a f t e r  t h e  twig was immersed in  w a te r .
Loss in  f o l i a g e  weight  o c c u r r in g  a f t e r  day one was a d j u s t e d  by 
t h e  formula Y = 0.143 + ( - )  0 .086  x w e ig h t  of i n i t a l  f o l i a g e .
This  va lue  p r e d i c t e d  t r u e  f o l i a g e  weight  f o r  days >1. Peak d a i l y  
consumption oc c u r r e d  du r ing  the  f i f t h  i n s t a r .  Male FTC consumed 
more f o l i a g e  per  day than  d id  f em a le s .  Females took lo n g e r  t o  
deve lop from each i n s t a r  ( t h r e e  through f i v e )  and ,  c o n s e q u e n t ly ,  
consumed more t o t a l  f o l i a g e  p e r  i n s t a r  than did t h e i r  male
Table  19.  F o l i a g e  consumption ( t u p e l o  gum) f o r  d i s c r e t e  l a r v a l  
i n s t a r s  ( p e r  l a r v a )  one th rough f i v e  and f o r  males and females  in  
i n s t a r s  t h r e e  and f i v e .
I n s t a r Sex
Tota l  F o l i a g e  
Consumption (g)
Tota l  Su r face  Area 
Consumed (cm2)/ i n s t a r
1 - No Consumption -
2 - 1.331 8.40







5 Male 2.724 14.47
Female 3.799 19.14
* I n s u f f i c i e n t  numbers of  male l a r v a e  were r e a r e d  a t  t h i s  s t a g e  t o  
make a meaningful comparison of  consumption by each sex.
Table  20. Mean l a r v a l  oven dry  we igh ts  p e r  FTC ( a t  m o u l t ) ,  d a i l y  l e a f  
consumption (wet  wt)  and f r a s s  p ro d u c t io n  (d ry  wt) f o r  l a b o r a t o r y - r e a r e d
I n s t a r / S e x Dry w t  (g) S .E .* L e a f  Consumption (gl S .E . F r a s s  P r o d u c t io n  (g) S .E .
1 0 .00012 0 .0 0 0 0 1 ( -1 0 .0 0 1 0 8 0 .0 0 6 9 0 0 .00010 0 .00003
2 0 .00024 0 .0 0 0 0 5 0 .23302 0 .0 7 6 6 9 0 .00323 0 .00080
3 Male 0 .0 0 3 6 2 0 .0 0 0 4 3 0 .30135 0 .0 6 2 7 5 0 .0 1 4 3 8 0 .00134
Female 0 .0 0 5 0 0 0 .0 0 0 8 9 0 .2 9 6 9 8 0 .0 5 4 8 2 0 .0 1 2 1 8 0 .00198
4 Male 0 .01347 0 .0 0 1 2 1 0 .34140 0 .1 1 0 7 9 0 .03369 0 .01984
Female 0 .01642 0 .0 0 2 3 6 0 .2 8 0 8 0 0 .0 1 7 4 7 0 .04570 0 .0 1 6 5 2
5 Male 0 .04487 0 .0 2 5 8 0 0 .40396 0 .0 7 6 8 2 0 .06470 0 .01160
Female 0 .04876 0 .0 1 3 8 3 0 .32590 0 .0 7 6 2 1 0 .06997 0 .00489
Pupae
Male 0 .05978 0 .0 0 2 6 6 — — ___ ___
Female 0 .10606 0 .0 0 5 3 8 — — — —
* S.E.  = s t a n d a r d  e r r o r  o f  t h e  mean.
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F ig .  4 .  Mean i n s e c t  dry we igh t  ( a t  m o u l t ) ,  l e a f  biomass con­
sumption and f r a s s  p ro d u c t io n  (by i n s t a r )  f o r  FTC r e a r e d  on th e  
f o l i a g e  of  Nyssa a q u a t i c a  L.
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c o u n t e r p a r t s  ( T a b le s  19, 20,  and 21) .  Four th  i n s t a r  l a r v a e  could 
no t  be i n c lu d e d  in  t h i s  comparison due to  t h e  i n s u f f i c i e n t  numbers 
o f  male FTC t h a t  were r e a r e d .
Growth and f ee d ing  i n d i c e s  were c a l c u l a t e d  to  p rov id e  a more 
comple te  a n a l y s i s  of l a b o r a t o r y - r e a r e d  FTC (Table  22) .
More food was consumed r e l a t i v e  t o  mean l a r v a l  weight  dur ing 
th e  f e e d in g  pe r iod  f o r  second and t h i r d  i n s t a r  l a r v a e .  S i m i l a r l y ,  
t h e  r a t e  of  growth r e l a t i v e  to  mean we igh t  during  th e  feed ing  
p e r i o d  was g r e a t e s t  f o r  i n s t a r s  two and t h r e e .
The r e l a t i v e  growth r a t e  compared f a v o r a b ly  with S c r i b e r ' s
(1979)  r e s u l t s  where 16 s p e c i e s  of  f o r b -  and l e a f - f e e d i n g  
L e p idop te ra  were a n a ly z e d .  The f o u r t h  i n s t a r  more c l o s e l y  agreed 
(0 .01  mg d i f f e r e n c e )  wi th  S c r i b e r ' s  work than  did t h e  f i f t h  i n s t a r  
( 0 .0 7  mg d i f f e r e n c e ) .  R e l a t i v e  consumption r a t e s  do not  a g re e  as  
c l o s e l y  wi th  S c r i b e r ' s  work. N e i the r  t h e  f o u r t h  nor  t h e  f i f t h  
i n s t a r  f i g u r e s  f i t  w i t h in  the  con f ide nce  i n t e r v a l s  of  S c r i b e r ' s  
e s t i m a t e s .  These d i f f e r e n c e s  may be due to  t h e  unequal numbers of  
male and female FTC l a r v a e  r e a r e d  in  t h i s  expe r im en t .  A lso,  some 
i n s e c t s  were much more a c t i v e  than o t h e r s  as no ted by G r e e n b l a t t  
and W i t t e r  (1976) .
Female FTC l a r v a e  and pupae had mean dry we igh ts  g r e a t e r  than  
th o s e  of  t h e  males .  Female s i z e  i n c r e a s e d  most between th e  f i f t h  
i n s t a r  and pupal s t a g e  ( a b s o l u t e  w e i g h t ) .  The g r e a t e s t  r e l a t i v e
T a b le  2 1 .  Mean i n s t a r  dev e lo p m en t t im e s  o f  FTC by i n s t a r  and s e x .
I n s t a r ny Sex x Development  Time (Days) S . E . - /
1 23 5.43 4.07
2 38 - 5.71 1.255
3 26 Male 4.077 0.235
30 Female 4.633 0.376
4 5 Mai e 5.500* 1.040*
7 Female 4.429* 0.297*
5 13 Male 7.308 0.624
12 Female 9.500 0.469
—  n = the number of  l a r v a e observed .
2 /— S.E .  = t h e  s t a n d  e r r o r  of  the  mean.
* The number of o b s e r v a t i o n s  used to  d e r i v e  t h i s  number i s  s m a l l ,  
and t h e s e  r e s u l t s  s hou ld  be i n t e r p r e t e d  a c c o r d i n g l y .
Table 22.  The r e l a t i v e  consumption r a t e  (RCR), and r e l a t i v e  growth 
r a t e  (RGR) f o r  l a b o r a t o r y - r e a r e d  FTC, 1981-1982.
I n s t a r ^
RCR
mg i n g e s t e d /  
mg dry wt 









-  All i n d i c e s  were c a l c u l a t e d  u s ing  d a ta  from a l l  l a r v a e  
r e a r e d  f o r  each i n s t a r .  Data t o  c a l c u l a t e  t h e s e  i n d i c e s  a r e  found 
in  Tab les  23 and 24.  The food i n g e s t e d  (dry wt) was c a l c u l a t e d  
from a r e g r e s s i o n  e q u a t io n  which p r e d i c t e d  dry weight  from th e  
d a i l y  consumption (wet wt) r a t e s  (Table  2 3 ) .
i n c r e a s e  in  w e igh t ,  u s ing  the  p r e v io u s  i n s t a r  f o r  compar ison,  was 
t h e  t h i r d  i n s t a r ,  where the  mean weight  of t h e  t h i r d  i n s t a r  female 
was 2 0 . 8x t h a t  of the  second i n s t a r  female .
Male FTC had th e  l a r g e s t  a b s o l u t e  weight  gain between t h e  
f o u r t h  and f i f t h  i n s t a r s .  The g r e a t e s t  r e l a t i v e  we igh t  ga in us ing 
t h e  p rev ious  i n s t a r  as  a comparison was from th e  second to  t h i r d  
i n s t a r s  where an i n c r e a s e  of 1 5 . lx  took p l a c e  (T ab le  20 ) .
Where i n s t a r s  were no t  p a r t i t i o n e d  by sex ,  the  mean dry 
w e igh ts  of each i n s t a r  i n d i c a t e d  t h a t  the  most  growth r e l a t i v e  to  
t h e  mean dry weight  of t h e  p rev ious  i n s t a r  oc c u r r e d  between t h e  
second and t h i r d  i n s t a r s  (Tab le  23 ) .  L e a s t  growth in mean dry 
body weight  r e l a t i v e  t o  t h e  p rev ious  i n s t a r  was between the  f i f t h  
i n s t a r  and th e  pupal s t a g e .
Mean dry we igh t  comparisons between newly moulted l a b o r a t o r y -  
r e a r e d  FTC l a r v a e  and f i e l d - c o l l e c t e d  newly moulted FTC l a r v a e  
i n d i c a t e d  t h a t  l a b o r a t o r y - r e a r e d  FTC weighed approx im ate ly  the  
same as FTC r e a r e d  under  f i e l d  c o n d i t i o n s  (Tab le  24 ) .  This  
i n d i c a t e d  t h a t  l a b o r a t o r y - r e a r e d  l a r v a e  cou ld  be compared d i r e c t l y  
w i th  f i e l d - r e a r e d  l a r v a e  wi th  r e s p e c t  to  consumption and f r a s s  
p r o d u c t i o n .  Mean s u r f a c e  a r e a s  of t h e  l ea ve s  consumed by each 
i n s t a r  were e s t i m a t e d  u s ing  a r e g r e s s i o n  formula deve loped from 
p r e v i o u s  l a b o r a t o r y  t e s t s .
Table 23.  Mean l a r v a l  and pupal dry we igh ts  and i n c r e a s e  in dry 
weight  ( f a c t o r s )  f o r  f r e s h l y  moulted l a b o r a t o r y - r e a r e d  FTC.
I n s t a r £ MeanDry Wt (g) S.E I n c r e a s e  F a c to r
1 8 0.00012 0.00001 —
2 61 0.00024 0.00005 1.9
3 41 0.00428 0.00047 17.7
4 58 0.01510 0.00134 3.5
5 36 0.04734 0.01208 3.1
Pupa 25 0.08199 0.00552 1.7
-  n = number of l a r v a e  weighed.
2 /
-  S .E.  = s t a n d a r d  e r r o r  o f  t h e  mean.
Table 24.  Dry w e igh ts  of  f r e s h l y  moulted l a b o r a t o r y - r e a r e d  FTC 
and f i e l d - c o l l e c t e d  l a r v a e .
______________x Dry Wt (g)  w i th  95%_C . I . ______________
I n s t a r ____________ L abora to ry___________________________ F i e l d _______
1 0.00012 ±  0 .000025 0.00011 ± 0.000005
2 0.00024 ± 0.000091 0.00027 ± 0.000019
3 0.00427 ± 0.000943 0.00287 ± 0.000071
4 0.01510 ± 0.002678 0.03060 ± 0.001790
5 0.04734 ± 0.026917 0.04665 ± 0.019817
F r a s s  P ro d u c t io n  -  F r a s s  p ro d u c t io n  v a r i e d ,  as  e x pe c te d ,  with 
f o l i a g e  consumption.  For every  mg of  f r a s s  produced ,  t h e r e  was 72 
mg of  f o l i a g e  consumed a t  the  second i n s t a r  ( 1 : 7 2 ) .  The t h i r d  
i n s t a r  was c a l c u l a t e d  t o  have a f r a s s  ve rsus  consumption r a t i o  of  
1:21 mg (male) and 1:24 mg ( f e m a le ) .  The f o u r t h  i n s t a r  had a 
r a t i o  o f  1:10 mg (male)  and 1:6 mg ( f e m a l e ) .  The f i f t h  i n s t a r  had 
a r a t i o  of 1 :6  mg (male)  and 1 : 4 .7  mg ( f e m a le ) .
A n a ly s i s  o f  FTC Pupal Weight  -  Live pupal  we ights  i n d i c a t e d  
t h a t  the  female FTC i s  ca 2x l a r g e r  than  the  FTC male pupae (Table  
25 ) .  As was observed  e a r l i e r ,  where l a r v a l  s t a r v a t i o n  o c c u r r e d  
p r i o r  to  egg d e p o s i t i o n ,  t h e  s i z e  of the  female pupae d e c re a s ed .  
This  r e s u l t e d  in  l e s s  eggs pe r  mass and would seem to be d i r e c t l y  
r e l a t e d  to  n u t r i t i o n a l  s h o r t a g e s .
S t a t i s t i c a l  a n a l y s i s  (ANOVA) o f  the  l i v e  pupal we igh ts  f o r  
s i x  t r e a t m e n t s ,  i n c l u d i n g  S o r re n to  s i t e  1981, A l l i g a t o r  s i t e  1981- 
1982, V e r r e t  s i t e  1981-1982, and d i e t - r e a r e d  pupae,  i n d i c a t e d  a 
s i g n i f i c a n t  d i f f e r e n c e  in  s i z e  among s i t e s  (Table  26) .  This  
r e s u l t  p robab ly  was due to  d i f f e r e n t  FTC p o p u l a t i o n  l e v e l s  between 
s i t e s  and y e a r s .  Pupal weight  and r e s u l t i n g  f e c u n d i ty  were 
de te rmined  by the  amount and q u a l i t y  of  f o l i a g e  fed upon by the  
FTC (Hodson 1941) .  High p o p u l a t i o n s  of  FTC r e s u l t e d  in  s t r e s s  f o r  
i n d i v i d u a l  l a r v a e  when th e  food r e s o u r c e  became s c a r c e .  A lso,  the  
FTC p o p u l a t i o n  a t  S o r r e n t o  was so small in  1982 t h a t  very few
Table 25.  Pupal (wet) w e igh ts  from t h r e e  f i e l d  s i t e s ,  1981-1982, 
and from pupae r e a r e d  on a r t i f i c i a l  d i e t  i n  the  l a b o r a t o r y .
1981
Si t e n
X Pupal  wt Male 
wi th  95% C . I . n
% Pupal wt Female 
wi th  95% C . I .
S o r r e n t o 10 0 .064  ± 0.014 18 0.266 ±  0.067
V e r r e t 12 0 .0 49  ± 0.009 10 0.149 i  0 .054
A l l i g a t o r 15 0.130  ± 0.056 24 0.290 ± 0.066
1982
S o r r e n t o - I n s u f f i c i e n t  Data - I n s u f f i c i e n t  Data
V e r r e t 25 0 .232  ±  0 .008 22 0.467 ± 0.039
A l l i g a t o r 43 0.186  ± 0.011 32 0.360 ±  0 .023
D i e t 34 0.199  ± 0.013 16 0.412 ± 0.034
Table  26.  FTC pupal ( l i v e )  w e igh t  comparisons between s i t e s  x 
y e a r s  ( e x c e p t  S o r r e n t o  1982, where t h e r e  was i n s u f f i c i e n t  d a ta )  
and d i e t - r e a r e d  pupae.
ANOVA TABLE
Source SS dF MS F
Treatment—̂ 1.21 5 0.242 14.17 **
D i e t  v s .  a l l 0 .0 3 1 0 .03 2.51 ns
A l l i g a t o r  vs .  V e r r e t 0 .1 2 1 0 .12 7.21 **
1981 v s .  1982 0 .71 1 0.71 41.58 **
S i t e  vs .  y e a r 0 .21 1 0.21 12.35 **
S o r r e n t o  vs .  a l l 0 .1 4 1 0 .14 8 .43  **
s i t e s
E r r o r 4 .3 5 255 0.017
Tota l 5 .56 260
y  T rea tm en t s  were d i e t ,  S o r r e n to  1981, A l l i g a t o r  1981 and 1982,  
and  V e r r e t  1981 and 1982.
** "F" v a lue  i s  s i g n i f i c a n t  a t  t h e  99% l ev e l  o f  p r o b a b i l i t y .
pupae were found.  As a r e s u l t ,  t h e  S o r re n to  s i t e  f o r  1982 was no t  
in c lu d e d  in  the  compar isons .
There  was a s i g n i f i c a n t  d i f f e r e n c e  (P <0.01)  found when 
comparing t h e  V e r r e t  and A l l i g a t o r  pupal we ights  f o r  1981 and 1982 
(Table  26 ) .  These s i t e s  had low to moderate  p o p u l a t i o n s  in  1981 
and moderate  t o  high p o p u l a t i o n s  in  1982. There was a s i g n i f i c a n t  
d i f f e r e n c e  found (P <0.01)  when comparing s tudy  y e a r s  1981 and 
1982 ( A l l i g a t o r  and V e r re t  s i t e s  o n l y ) .  The s i t e  and y e a r  
i n t e r a c t i o n  was s i g n i f i c a n t  f o r  (P <0.01)  A l l i g a t o r  and V e r re t  
s i t e s ,  and t h e  S o r r e n t o  s i t e  was d i f f e r e n t  from t h e  A l l i g a t o r  and 
V e r r e t  s i t e s  f o r  both 1981 and 1982. The S o r r e n t o  FTC p o p u l a t i o n  
developed under  some unknown s t r e s s .  Although t h e  FTC p o p u l a t i o n  
was h igh ,  l a r v a l  s t a r v a t i o n  did not  occur  and s t a r v a t i o n  shou ld  
no t  have accounted  f o r  t h e  l a r g e  weight  d i f f e r e n c e s  in  t h e  pupae 
which were c o l l e c t e d .
Pupae r e a r e d  on th e  a r t i f i c i a l  d i e t  were t e s t e d  a g a i n s t  a l l  
s i t e / y e a r  c o m b in a t io n s ,  ex c ep t  t h e  S o r re n to  s i t e  in  1982 where 
i n s u f f i c i e n t  numbers of  pupae were c o l l e c t e d  f o r  a n a l y s i s .  No 
s i g n i f i c a n t  d i f f e r e n c e  was found to  e x i s t  when d i e t - r e a r e d  pupae 
were compared to  o t h e r  t r e a t m e n t s .  D i e t - r e a r e d  pupae had l a r g e r  
mean we ights  than  any of  t h e  pupae c o l l e c t e d  in  t h e  f i e l d ,  with 
t h e  e x c e p t io n  of  pupae from the  V e r r e t  s i t e  i n  1982. This  
i n d i c a t e d  t h a t  the  FTC deve loped  to  i t s  f u l l  p o t e n t i a l  us ing  the
a r t i f i c i a l  d i e t .  However, some a d u l t s  which emerged from t h e  
pupae r e a r e d  on a r t i f i c i a l  d i e t  had abnormally deve loped  wings.
There was no o v e r l a p  between any of  t h e  FTC l a r v a l  i n s t a r s  
e i t h e r  by dry f r a s s  p e l l e t  or  head c a p s u le  measurements  (Table  
27) .  This  a g rees  w i th  Hodson's  work in  1941, where he s i z e d  FTC 
f r a s s  f o r  p o p u l a t i o n s  in  Minneso ta .  Hodson (1941)  did not  l i s t  
t he  da ta  n e c es s a ry  f o r  t h e  c a l c u l a t i o n  of co n f id e n ce  i n t e r v a l s ,  
b u t  the  mean f r a s s  l e n g t h s  p r e s e n t e d  in  h i s  work f e l l  w i t h in  the  
co n f id e n ce  i n t e r v a l s  found he re  excep t  f o r  t h e  f i f t h  i n s t a r .  An 
exam ina t ion  of  the  c o n f id e n c e  i n t e r v a l s  a s s o c i a t e d  wi th  Hodson's  
da ta  was no t  p o s s i b l e ,  so t h e  q u e s t i o n  of  whether  t r u e  d i f f e r e n c e s  
e x i s t e d  was not  de te rm in e d .  Muggli and M i l l e r  (1980) dete rmined  
i n s t a r s  and head c a p s u l e  wid ths  f o r  FTC i n  Minneso ta .  T h e i r  
r e s u l t s  agree  wi th  t h e s e  r e s e a rc h  f i n d i n g s  in  t h a t  i n s t a r s  could 
be de te rmined  with no o ve r l a p  of  measurement.  Muggli and M i l l e r ' s
(1980) d a t a  f i t  w i t h i n  t h e  co n f id e n ce  i n t e r v a l s  expres sed  in  Table  
27 f o r  the  second and f i f t h  i n s t a r s  o n ly .  The mean width f o r  t h e  
f i r s t  i n s t a r  was 0 .05  (mm) s m a l l e r  than  Muggli and M i l l e r ' s  d a t a ,  
wh i le  i n s t a r s  t h r e e  and f o u r  were 0 .16  (mm) and 0 .20  (mm) l a r g e r  
than  the  means from t h e i r  s tudy .
Except  f o r  i n s t a r  two, D ya r ' s  (1890)  r u l e  a p p l i e s  to  the  head 
ca p su le  measurements found i n  Table  27. Muggli and M i l l e r  (1980) 
r e p o r t e d ,  however,  t h a t  head c a p s u l e  w id ths  v a r i e d  s i g n i f i c a n t l y
Table  27.  Mean f r a s s  d iam e te r  ( i n s t a r s  one through f i v e )  and mean 
head c a p s u l e  width of  FTC.
I n s t a r
1/
n
x F r a s s  l e n g t h  (mm) 
w i th  95% C.I
x Head c a p s u le  (mm) width 
w i th  95% C . I .
1 100 0 .24  ± 0.021 170 0.35  ± 0.008
2 100 0 .46  ± 0.012 238 0.62  ± 0.030
3 97 0 .64  ± 0.014 302 1.54  ± 0.034
4 100 1.01 ±  0.037 93 2.77  ± 0.172
5 100 1.27 ±  0 .025 253 3.82 ± 0.057
— n = number o f  i n s e c t s  measured.
2/
— n = number o f  f r a s s  p e l l e t s  measured.
f o r  i n s e c t s  r e a r e d  under  d i f f e r e n t  d e n s i t y  c o n d i t i o n s .  Since head 
c a p s u l e s  were measured from a l l  t h r e e  s i t e s  ( S o r r e n t o ,  V e r r e t ,  and 
A l l i g a t o r )  where FTC p o p u l a t i o n s  were d i f f e r e n t  dur ing  th e  y e a r s  
o f  the  s tu d y ,  i t  i s  l i k e l y  t h a t  t h i s  accoun ts  f o r  t h e  v a r i a t i o n  
from Dyar ' s  r u l e .  However, had a l l  FTC l a r v a e  been c o l l e c t e d  from 
one s i t e  w i t h in  one y e a r  (one p o p u la t io n  d e n s i t y ) ,  i t  i s  l i k e l y  
t h a t  t h i s  v a r i a t i o n  would not  o c c u r .  D ya r ' s  r u l e  would apply then  
t o  the  FTC on ly  when th e  p o p u la t io n  d e n s i t y  i s  d e f in e d  and the  
same p o p u la t io n  i s  used to  de te rmine  a l l  i n s t a r  head w i d t h s .
V. FTC POPULATION MODELING
Sources  o f  Data -  This  s e c t i o n  e x t r a c t s  da ta  from p r e v io u s  
s e c t i o n s  of  t h i s  d i s s e r t a t i o n .  These d a ta  form and q u a n t i f y  the  
r e l a t i o n s h i p s  u t i l i z e d  in  c o n s t r u c t i o n  of  two d i s t i n c t  concep tua l  
d e f o l i a t i o n  models.  The F o r e s t  Land Manager Model r e q u i r e s  e a s i l y  
a t t a i n a b l e  d a ta  and p r e d i c t s  s h o r t - t e r m  (1 y r )  d e f o l i a t i o n .  The 
more complex P e s t  Management Model w i l l  p r e d i c t  ou tb reak  l e v e l s  
f o r  s e v e r a l  y e a r s .  Data r eq u i r em e n ts  f o r  t h e  p e s t  management 
system i n c l u d e  l i f e  t a b l e s  and v a r i a n c e  e s t i m a t e s  f o r  a l l  
components .  The d i s c u s s i o n  of  t h e  concep tua l  models in  t h i s  
s e c t i o n  f o l lo w s  t h e  same p a t t e r n  as  a computer  program w r i t t e n  in 
s e q u e n t i a l  o r d e r .
The d a ta  f o r  t h e s e  concep tua l  models were d iv id e d  i n t o  t h r e e  
d i s t i n c t  u n i t s :
1 .  The t im b e r  s t a n d  and f o l i a g e  r e s o u r c e  da ta
2.  The l i f e  t a b l e  r e p r e s e n t a t i o n  of  f e c u n d i t y  and
g e n e r a t i o n - g e n e r a t i o n  m o r t a l i t y
3. The consumption r a t e s  ( t o t a l )  f o r  each of t h e  f i v e  l a r v a l  
i n s t a r s .
Each r e l a t i o n s h i p  u t i l i z e d  in  t h e  concep tua l  model w i l l  be 
r e f e r e n c e d  t o  t h e  t a b l e  o r  t e x t  where the  t o p i c  was p r e s e n t e d
o r i g i n a l l y .  Conf idence  i n t e r v a l s  f o r  a l l  e s t i m a t e s  a re :
1) i n c l u d e d  in  t h e  same t a b l e  as  t h e  e s t i m a t e ,  2) can be 
c a l c u l a t e d  from th e  s t a n d a r d  e r r o r  of  the  mean, o r  3) w i l l  be 
s p e c i f i c a l l y  a d d re s s e d  in  t h i s  s e c t i o n .
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F o l ia g e  Resource Subsystem -  The f o l i a g e  r e s o u r c e  subsystem 
( F ig .  5) i s  used with both t h e  F o r e s t  Land Manager and t h e  P e s t  
Management Models. A s t a n d  t a b l e  (Tab le  2) must  be fo rm u la ted  (ha 
b a s i s )  to  p rov ide  t h e  da ta  f o r  t h e  program. Numbers of  h o s t  t r e e s  
f o r  each 5 .08 cm (2 in )  d i a m e te r  c l a s s  a r e  needed as base d a ta  to  
begin t h e  program. Total  t r e e s  in  each dbh c l a s s  a r e  m u l t i p l i e d  
by the  725.2 to  de te rm ine  f o l i a g e  w e ig h t .  Once t h i s  i s  
c a l c u l a t e d ,  then  t h e  t o t a l  f o l i a g e  weight  pe r  ha i s  de te rmined  by 
a d d i t i o n  o f  a l l  dbh c l a s s e s .  This  e s t i m a t e  i s  then  m u l t i p l i e d  by 
46 .9  to  de te rmine  t o t a l  f o l i a g e  w e igh t  ( t o t a l  r e s o u r c e )  per  ha .
FTC Outbreak Sequence -  A f o u r  y e a r  ou tb reak  sequence seems 
to  be t h e  p a t t e r n  f o r  t h e  s i t e s  s t u d i e d  1980-1982 ( F ig .  6 ) .  
However, more i n fo r m a t io n  i s  needed to  confi rm  t h i s  a ssumpt ion.  
This  c y c l e  shows t h a t  t h e  p r e s e n t  s t a g e  of an ou tbreak  can be 
p r e d i c t e d  i f  the  egg m a s s / t r e e  e s t i m a t e  i s  known. From the  
r e s u l t s  of the  l i f e  t a b l e s  and f i e l d  o b s e r v a t i o n ,  i t  i s  p o s t u l a t e d  
t h a t  s t a r v a t i o n  (>20 egg m a s s e s / t r e e )  i s  the  most  im p o r ta n t  
r e g u l a t i n g  mechanism of  FTC p o p u l a t i o n s  i n  L o u i s i a n a .  The FTC 
p o p u l a t i o n  p r o g r e s s e s  from -2 t o  >20 egg m a s s e s / t r e e  in  the  
sequence shown i n  F i g .  6, ex c ep t  when p o p u l a t i o n  s t a r v a t i o n  oc c u rs  
a t  t h e  f i f t h  i n s t a r .  When t h i s  happens,  t h e  -2 s t a g e  i s  
dropped from t h e  sequence  and t h e  p o p u l a t i o n  proceeds t o  t h e  
- 2 - 8  s t a g e  ( t h e  f o l l o w in g  y e a r ) .  The -2 s t a g e  i s  
p r e s e n t  only when t h e r e  i s  a rea -w ide  l a r v a l  s t a r v a t i o n  p r i o r  t o  
moult  to  t h e  f i f t h  i n s t a r  ( o r  when high pupal m o r t a l i t y  due to
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F i g .  5 .  F o l i a g e  r e s o u r c e  s u b s y s t e m
T o t a l  t r e e s / d b h  c l a s s  X 7 2 5 . 2 3 .
T o t a l  f o r  a l l  c l a s s e s .
I n p u t  n u m b e r s  o f  t r e e s  by 2 
i n .  ( 5 . 0 8  cm) dbh  c l a s s  a n d  
t o t a l  t r e e s / h a  ( a  s t a n d  t a b l e  
i s  a d e q u a t e  f o r  t h i s  d a t a ) .
T o t a l  f o l i a g e  w e i g h t  X 
r e g r e s s i o n  e q u a t i o n  e q u a l s  
t o t a l  s u r f a c e  a r e a / h a .
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Fig .  6. FTC o u tb re a k  sequence in L o u i s ia na  as  d e p ic t e d  
p r o g r e s s i o n  o f  egg m a s s e s / t r e e  f o r  a f o u r  y e a r  c y c l e .
> 20
n y e a r s  
a t  i o n s )
p a r a s i t o i d s  [S.  h ough i ] combines with s t a r v a t i o n  in  t h e  f i f t h  
i n s t a r  to  r e g u l a t e  t h e  p o p u l a t i o n  downward as  happened a t  the  
So r re n to  s i t e ,  1981 [T ab le  6 ] ) .
F o r e s t  Land Manager Model -  Th is  concep tua l  model ( Fi g .  7) 
u t i l i z e s  a minimum of d a ta  t o  a s s i s t  a l and manager in  making 
p r a c t i c a l  d e c i s i o n s .  The u n d e r ly in g  assumption f o r  t h i s  model i s  
t h a t  the  h o s t  t r e e  d e n s i t i e s  enc oun te re d  du r in g  t h i s  s tudy  a r e  
i n d i c a t i v e  of  h o s t  t r e e  d e n s i t i e s  th rou g h o u t  the  land  mass of 
p o t e n t i a l  u s e r s  ( L o u i s i a n a ,  M i s s i s s i p p i ,  and Alabama).  Host t r e e  
d e n s i t i e s  which a re  r a d i c a l l y  l a r g e r  or  s m a l l e r  than th e  h os t  
d e n s i t i e s  enc oun te re d  in  the  s tudy  cou ld  a l t e r  t h e  h o s t  s u r f a c e  
area/FTC r a t i o  beyond th e  l i m i t s  of  t h i s  model . Table  6 p r o v id e s  
t h e  p e r c e n ta g e s  f o r  d e te rm in ing  m o r t a l i t y  a t  each FTC s ta g e  ( f o r  
>2 egg m a s s e s / t r e e ) .  Total  consumption i s  c a l c u l a t e d  u s ing  th e  
p o p u l a t io n  d a ta  i n  Tab le  6 and t h e  consumption d a ta  from Table  19. 
Th is  i s  r e p e a t e d  f o r  each of  t h e  ou tb reak  s t a g e s  ex c ep t  t h e  >20 
s t a g e  where no l i f e  t a b l e  was compi led.  Tab le  8 p rov ides  the  d a ta  
f o r  t h e  >2-8 egg m a s s / t r e e  s t a g e  and Tab le  10 f o r  t h e  >8- 
20 s t a g e .
Once consumption i s  c a l c u l a t e d  from t h e s e  above i tems which 
were e n t e r e d  i n t o  memory, then  th e  p e r c e n t  d e f o l i a t i o n  i s  
c a l c u l a t e d  by th e  f o l i a g e  subsystem program. I f  the  p e r c e n t  
d e f o l i a t i o n  i s  l e s s  t h a n  50.0%, t h e  p e rc e n ta g e  i s  p r i n t e d  and th e  
program t e r m i n a t e s  and r e t u r n s  t o  t h e  beg inn ing  of  the  program 
(model) f o r  a new sequence o r  a s i g n - o f f  command. I f  d e f o l i a t i o n
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F i g .  7 .  F o r e s t  La n d  M a n a g e r  M o d e l .
Go t o  f o l i a g e  
r e s o u r c e  s u b s y s t e m
F o l i a g e  r e s o u r c e /  
c o n s u m p t i o n  e q u a l s  
% d e f  o l  i a t i  on  . '
y e a r s  n - 1  a n d  n - 2 .
L i s t  d e f o l i a t i o n  f o r
g r o w t h  r e d u c e d  by
P r i n t :  I n c r e m e n t a l
50% p r i n t ;  g o  t o  
s t e p  1 .  I f  d e f o l ­
i a t i o n  >_50% p r o c e e d .
I f  d e f o l i a t i o n  <
_>50% p r o c e e d .
d e f o l i a t i o n .
y e s ,  p r o c e e d .
% d e f o l i a t i o n .  I f
R e c a l 1 d e f o l i  a t i  on
l e v e l s  f r o m  p r e v i o u s
E n t e r  e g g  m a s s e s / t r e e
I f  <2 t h e n  c o n s u m p t i o n  e q u a l s  __
I f  > 2 < 8  t h e n  c o n s u m p t i o n  e q u a l s  
I f  > 8 < 2 0  t h e n  c o n s u m p t i o n  e q u a l s  
I f  > 2 0  t h e n  c o n s u m p t i o n  e q u a l s  _
a p p r o p r i  a t e .
i s  g r e a t e r  than  50.0%, then  th e  program wi l l  p rov ide  an increment  
l o s s  e s t i m a t e  i f  t h e  u s e r  has d a ta  f o r  t h e s e  y e a r s  (n,  n -1 ,  n - 2 ) .  
Th is  type  of  model i s  l i m i t e d  in  a p p l i c a t i o n  s in c e  t h e r e  i s  no 
al lowance  f o r  t h e  a d ju s tm e n t  of  f o l i a g e  consumption f o r  each 
unique  FTC p o p u l a t i o n  ( i . e . ,  t h e  FTC p o p u l a t i o n  i s  a s s ig n e d  a 
c l a s s  based  on FTC egg masses pe r  t r e e ) .  Also ,  t h e r e  i s  no 
e s t i m a t i o n  of  eggs /mass f o r  each unique s i t u a t i o n .  Averages with 
c o n f id e n c e  i n t e r v a l s  a r e  used f o r  t h e  c a l c u l a t i o n s ,  and u s e r s  
shou ld  t a k e  t h e s e  f a c t o r s  i n t o  c o n s i d e r a t i o n  when employing t h i s  
model .
FTC P e s t  Management Model -  The FTC P e s t  Management Model i s  
p r e s e n t e d  in  F i g .  8 .  The F o r e s t  P e s t  Management Conceptual  Model 
demands more d a ta  than  th e  p r e v io u s  model . The f o l i a g e  r e s o u r c e  
subsystem i s  r e q u i r e d  f o r  use in  t h i s  model as  in  t h e  F o r e s t  Land 
Manager Model. Th is  system u t i l i z e s  a d i f f e r e n t  l i f e  t a b l e  f o r  
each of  t h e  f o u r  ou tb reak  s t a g e s .  The >20 s t a g e  i s  not  o p e ra b l e  
a t  t h i s  t ime due to  t h e  lack  of  a completed l i f e  t a b l e  f o r  t h a t  
s i t u a t i o n .  L i f e  T a b le s  6 ,  8 ,  and 10 ( p a r t i a l  l i f e  t a b l e  s e c t i o n )  
p ro v id e  t h e  d a ta  f o r  t h r e e  ou tb reak  s t a g e s  >2,  >2-8 ,  and >8-20, 
r e s p e c t i v e l y .  Once t h e  egg m a s s / t r e e  d a ta  i s  e n t e r e d  i n t o  t h e  
program, t h e  a p p r o p r i a t e  l i f e  t a b l e  m o r t a l i t y  p e rc e n ta g e s  a re  
c a l l e d  from memory, t h e  mean egg mass l e n g t h  i s  m u l t i p l i e d  by 
4 0 4 . 3x t o  c a l c u l a t e  t h e  mean eggs /mass  ( s t e p  2 ) ,  and t o t a l  e ggs /ha  
a r e  c a l c u l a t e d  by going t o  t h e  f o l i a g e  r e s o u r c e  subsystem and
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F i g .  8 .  P e s t  M a n a g e m e n t  Mo d e l  f o r  FTC i n  L o u i s i a n a .
H a t c h
Me a n  e g g  m a s s  l e n g t h  X 
r e g r e s s i o n  e s t i m a t o r  
e q u a l s  # e g g s / m a s s .
C o m p u t e  e g g  s u r v i v a l  
( T o t a l  e g g s  X % m o r t a l i t y )
C o m p u t e  2 n d  i n s t a r
s u r v i  v a l . Sum
c o n s u m p t i o n  6
C o m p u t e  1 s t  i n s t a r  
s u r v i v a l  ( T o t a l  X 
% m o r t a l i  t y  ) .  Sum 
c o n s u m p t i  o n .
Go t o  f o l i a g e  r e s o u r c e  
s u b s y s t e m ; c a l c u l a t e  
e g g  m a s s e s / h a .  ( T r e e s  
/ h a  X e g g  m a s s e s / t r e e )
I n p u t  m e a n  e g g  m a s s e s / t r e e  
I f  <2 g o  t o  s u b s y s t e m  
I f  > 2 <8  g o  t o  s u b s y s t e m  3
I f  >8<_20 g o  t o  s u b s y s t e m  4
I f  > 2 0  g o  t o  s u b s y s t e m  5
* S u b s y s t e m  r e f e r s  t o  a l i f e  
t a b l e  c a l c u l a t e d  f o r  e a c h  
p o p u l a t i o n  d e n s i t y .
2 *
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R e c a l l  d e f o l i a t i o n  f o r
y e a r s  n - 1  a n d  n - 2 ?  I f
y e s ,
c o n s u m p t i o n  6 ,  7 , &  8 .
s u r v i v a l .  Sum
C o m p u t e  3 r d  i n s t a r
c o n s u m p t i o n  6 ,  7 , . 8
C o m p u t e  5 t h  i n s t a r  
s u r v i v a l .  Sum
F o l i a g e  r e s o u r c e / t o t a l  
c o n s u m p t i o n  ( s t e p  1 2 )  
e q u a l s  % d e f o l i a t i o n .
s u r v i  v a l . Sum
C o m p u t e  4 t h  i n s t a r
c o n s u m p t i o n  5 ,  7 ,  8 ,  & 
1 0 .
9 Go t o  f o l i a g e  s u b s y s t e m ;
I f  c o n s u m p t i o n  > f o l i a g e  
r e s o u r c e ,  g o  t o  s u b s y s t e m  
2 .  P r i n t  c o m p l e t e  d e f o l i a t i o n  
I f  n o t ,  p r o c e e d .
Go t o  f o l i a g e  s u b s y s t e m ;  
I f  c o n s u m p t i o n  > f o l i a g e  
r e s o u r c e ,  g o  t o  s u b s y s t e m  
2 .  P r i n t  c o m p l e t e  
d e f o l i a t i o n .  I f  n o t ,  
p r o c e e d .
Go t o  f o l i a g e  s u b s y s t e m ;  
I f  c o n s u m p t i o n  > f o l i a g e  
r e s o u r c e ,  g o  t o  s u b s y s t e m  
3 .  P r i n t  c o m p l e t e  
d e f o l i a t i o n .  I f  n o t .
p r o c e e d .
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20
C o m p u t e  p u p a l  s u r v i v a l .  
C o m p u t e  a d u l t  s u r v i v a l .
I f  m e a n  d e f o l i  a t i  on  
( s t e p  1 5 )  > 5 0%,  t h e n  
p r i n t  45% g r o w t h  l o s s .  
P r o g r a m  e n d s  h e r e .
p r i n t  45% i n c r e m e n t a l  
g r o w t h  l o s s .  I f  n o t ,  
p r o g r a m  e n d s  h e r e .
I f  d e f o l i a t i o n  > 50% t h e n
e n d s  h e r e .
n+1  a n d  n + 2  y e a r s ?  I f  y e s ,  
p r o c e e d  t o  1 8 .  I f  n o ,  
p r i n t  t o t a l  d e f o l i a t i o n  
e s t i m a t e  f r o m  1 2 .  P r o g r a m
P r e d i c t  d e f o l i a t i o n  f o r
T o t a l  d e f o l i a t i o n / 3
e q u a l s  me a n  f o r  l a s t
3 y e a r s .  P r o c e e d .
1 4 .  Sum % d e f o l i a t i o n
( n - l + n - 2 +  v a l u e  f r o m
P r e d i c t  e g g  m a s s e s / h a  
f o r  y e a r  + 1 .  Go t o  s t e p  
1 .  Run p r o g r a m  f o r  y e a r  + 1 .  
Run p r o g r a m  f o r  y e a r  + 2 .
T o t a l  d e f o l i a t i o n  ( y e a r  + 
y e a r  +1 + y e a r  + 2 ) / 3  e q u a l s  
m e a n  % d e f o l i a t i o n .  Go t o  2 0 .
m u l t i p l y i n g  t r e e s / h a  x egg m a s s e s / t r e e  x eggs /mass ( s t e p  3 ) .  The 
program r e t u r n s  to  t h e  l i f e  t a b l e  and removes t h e  egg m o r t a l i t y  
( s t e p  4) and computes t h e  ha tch  ( s t e p  5 ) .  Step  6 computes 
m o r t a l i t y  ( a t  moult)  and sums consumption (Tables  6,  8, 10, and 
19) f o r  t h o s e  e n t e r i n g  th e  f i r s t  i n s t a r .  The consumption i s  he ld  
i n  memory f o r  a d d i t i o n  to  t h e  consumption f i g u r e s  f o r  o t h e r  
i n s t a r s .  Step  7 computes m o r t a l i t y  and consumption f o r  t h e  second 
i n s t a r .  Step 8 computes m o r t a l i t y  and consumption f o r  t h e  t h i r d  
i n s t a r .  A d e c i s i o n  s t e p  (9) in  t h e  programming checks t o t a l  
consumption a g a i n s t  t h e  f o l i a g e  r e s o u r c e  to  de te rmine  i f  l a r v a l  
s t a r v a t i o n  has o c c u r r e d .  I f  so,  t h e  program then  would p r i n t  
comple te  d e f o l i a t i o n  and go to  t h e  ^2 s t a g e  to  s im u l a t e  t h e  
FTC p o p u l a t i o n  f o r  t h e  y e a r  n+1 ( s t e p  9 ) .  Step  10 computes 
m o r t a l i t y  and consumption f o r  the  f o u r t h  i n s t a r .  The consumption 
programming aga in  checks t h e  d e f o l i a t i o n  l e v e l  and p roceeds  as in  
Step  9.  Step 12 computes  m o r t a l i t y  and consumption f o r  t h e  f i f t h  
i n s t a r .  The d e c i s i o n  s t e p  (13) which checks f o r  t h e  p e r c e n t  
d e f o l i a t i o n  now p r i n t s  complete  d e f o l i a t i o n  and p roceeds  to  
subsystem 3 (>2-8)  f o r  f u r t h e r  s i m u l a t i o n ,  o r  i f  d e f o l i a t i o n  
does no t  exceed th e  f o l i a g e  r e s o u r c e ,  p roceeds  to  s t e p  14 and 
c a l c u l a t e s  p e r c e n t  d e f o l i a t i o n .  A q u e s t i o n  p recedes  t h e  next  
y e a r ' s  s i m u l a t i o n .  Th is  q u e s t i o n  asks i f  t h e  u s e r  would l i k e  t o  
l i s t  t he  d e f o l i a t i o n  l e v e l s  f o r  n -1 ,  n - 2 ,  and p r e s e n t  y e a r  ( s t e p  
15 ) .  The program then  c a l c u l a t e s  t h e  mean p e r c e n t  d e f o l i a t i o n  and 
p roceeds  to  s t e p  16 where a comparison i s  made to  de te rmine  i f
mean d e f o l i a t i o n  f o r  t h e  t h r e e  y e a r s  i s  g r e a t e r  than 50.0%. I f  
t h e  mean d e f o l i a t i o n  i s  g r e a t e r  t h a n  50.0%, then a s t a t e m e n t  i s  
p r i n t e d  showing t h a t  t h e  a n t i c i p a t e d  annual  incrementa l  growth 
l o s s  i s  -45.0%. I f  y e a r s  n-1 and n-2 a r e  no t  s e l e c t e d ,  the  
program proceeds  to  s t e p  17. A d e c i s i o n  s t a t e m e n t  asks  i f  t h e  
u s e r  would l i k e  to  p r e d i c t  d e f o l i a t i o n  f o r  y e a r s  n+1 and n+2? I f  
a "yes"  answer i s  g iv en ,  the  program proceeds to  s t e p  18. I f  a 
"no" answer i s  g iv en ,  t h e  p e r c e n t  d e f o l i a t i o n  from s te p  12 i s  
p r i n t e d  and th e  program t e r m i n a t e s  t h e  s e s s i o n .  I f  l a r v a l  
s t a r v a t i o n  has no t  o c c u r r e d  in  e a r l i e r  s t e p s ,  then  s t e p  18 
computes pupal and a d u l t  m o r t a l i t y  and p roceeds  t o  s t e p  19 where 
egg m asses /h a  a r e  p r e d i c t e d  f o r  y e a r s  n+1 and n+2. Total  
d e f o l i a t i o n  f o r  a l l  y e a r s  (n ,  n+1, and n+2) d iv id e d  by t h r e e  
e q u a l s  mean d e f o l i a t i o n .  The program then  p roceeds  t o  s t e p  20 
where i f  t h e  mean d e f o l i a t i o n  i s  g r e a t e r  t h a n  50.0%, t h e  annual  
a n t i c i p a t e d  inc rem en ta l  growth l o s s  of  45.0% i s  p r i n t e d .  The 
program then c o n t i n u e s  to  s t e p  1 or  t h e  s e s s i o n  i s  t e r m i n a t e d .
The answers  p rov ide d  by th e  concep tua l  models a r e  im p o r ta n t  
t o  f o r e s t  managers which have a need to  know d e f o l i a t i o n  l e v e l s  
and whether  o r  no t  t h e r e  i s  an inc rem en ta l  growth l o s s .  This  
knowledge w i l l  become more im p o r ta n t  when th e  t u p e l o  gum r e s o u r c e  
can be econom ica l ly  managed. These models a re  no t  v a l i d a t e d  and 
more r e s e a r c h  shou ld  be completed b e f o r e  t h e  models cou ld  be 
c o n s id e r e d  ready  f o r  p r a c t i c a l  u se .  The >20 egg m a s s e s / t r e e  
p o p u l a t i o n  l e v e l  needs t o  be q u a n t i f i e d  and added to  t h e  d a ta  base
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in  t h e  form of  a l i f e  t a b l e .  This  i s  t h e  egg mass d e n s i t y  where 
comple te  d e f o l i a t i o n  and subsequen t  i n s e c t  s t a r v a t i o n  o c c u r s .
The impact  of  d e f o l i a t i o n  needs to  be de te rmined  f o r  t h e  
broad  c l a s s e s  of  d e f o l i a t i o n  used in  the  models .  C u r r e n t  da ta  




F o r e s t  s t a n d  d e n s i t y  was de te rmined  f o r  each f i e l d  s i t e .  
F o l i a g e  r e s o u r c e s  (cm^ f o l i a g e / h a )  were e s t i m a t e d  u s ing  a 
r e g r e s s i o n  e q u a t i o n .  Tree  s p e c i e s  d i v e r s i t y  and l e a f  a r e a  i n d i c e s  
were c a l c u l a t e d  f o r  each of  the  t h r e e  s i t e s .
The m o r t a l i t y  and s u r v i v a l  of  t h e  FTC in  t u p e l o  gum swamps in  
L o u i s ia na  were e l u c i d a t e d  through t h e  c o n s t r u c t i o n  of  p a r t i a l  l i f e  
t a b l e s .  C o n s id e ra b l e  v a r i a t i o n  e x i s t e d  in  t h e  t o t a l  m o r t a l i t y  
e tween g e n e r a t i o n s ,  as  well  as  in  t o t a l  g e n e r a t i o n  s u r v i v o r s h i p .  
Surviva l  of  t h e  FTC seems to  be r e g u l a t e d ,  u l t i m a t e l y ,  by 
i n t r a s p e c i f i c  c o m p e t i t io n  f o r  food r e s o u r c e s .  F ra s s  t r a p s  were 
used to  index  FTC p o p u l a t i o n s  and,  u l t i m a t e l y ,  t o  de te rmine  t o t a l  
m o r t a l i t y  between l a r v a l  i n s t a r s .
The s tudy  r e v e a l e d  the  r e l a t i v e  abundance of  s evera l  n a tu r a l  
enemies  of  t h e  FTC. E igh t  s p e c i e s  of  p a r a s i t o i d s ,  two fungal  
p a thoge ns ,  one n u c l e a r  p o l y h e d r o s i s  v i r u s ,  and t h r e e  p r e d a t o r s  
were i d e n t i f i e d .  Of t h e  p a r a s i t o i d s ,  only Sarcophaga houghi 
c o n t r i b u t e d  s i g n i f i c a n t l y  t o  m o r t a l i t y .  Other  b i o t i c  f a c t o r s  
c o n t r i b u t e d  l i t t l e  t o  obse rved  m o r t a l i t y .  The sequence of  popu­
l a t i o n  i n c r e a s e  and c o l l a p s e  does no t  seem t o  i n d i c a t e  a l a r g e  
r o l e  f o r  p r e d a t o r s  in  p o p u l a t i o n  r e g u l a t i o n .
Sex r a t i o s  f o r  t h e  egg p a r a s i t o i d s  Ooencyr tus  c l i s i o c a m p a e  
and Ablerus  c l i s i o c a m p a e  were c a l c u l a t e d  f o r  each crown c l a s s  of  
t u p e l o  gum t r e e s .  These p a r a s i t o i d s  were found to  o v e rw in t e r  as
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pupae i n s i d e  t h e  FTC egg ca se  and emerge a f t e r  FTC ha tch  in t h e  
s p r i n g .
Larval  growth and development  s t u d i e s  were completed f o r  the  
FTC and were used to  f o rm u la t e  p a r t  of  the  d e c i s i o n  network f o r  
two concep tua l  models which p r e d i c t  d e f o l i a t i o n .
Two concep tua l  models a re  p r e s e n t e d ;  one ,  a F o r e s t  Land 
Manager Model, i s  a too l  f o r  t h e  f i e l d  f o r e s t e r  who wants to  
p r e d i c t  broad  c a t e g o r i e s  of d e f o l i a t i o n  and growth impact  whi le  
c o l l e c t i n g  a minimum amount of  d a t a .  The second model,  o r  P e s t  
Management Model, i s  des igned  f o r  use by an e n to m o lo g i s t ,  p rov ides  
a more p r e c i s e  p r e d i c t i o n  of  FTC p o p u l a t i o n  l e v e l s  and r e q u i r e s  
more d a t a .  One p a r t  of  t h i s  l a t t e r  model i s  no t  accounted  f o r  in  
t h i s  t e x t  (a l i f e  t a b l e  f o r  t h e  >20 egg m a s s e s / t r e e  p o p u l a t io n  
c l a s s )  and wi l l  have t o  be documented b e fo re  t h e  model i s  
c om p le te ly  o p e r a b l e .
VI I .  LITERATURE CITED
Abrahamson, L . P . ,  and J . D.  Harper .  1973. Microbial  i n s e c t i c i d e s  
c o n t r o l  f o r e s t  t e n t  c a t e r p i l l a r  in  sou thw es te rn  Alabama.
USDA For.  Se r .  Res. Note SO-157. 3 pp.
Al l e n ,  J . C.  1976. A m o d i f i e d  s i n e  wave method f o r  c a l c u l a t i n g  
degree  days .  Env i ron .  Entomol . 5 :388-396 .
Andrewartha,  H.G. ,  and L.C.  B i r ch .  1954. The d i s t r i b u t i o n  and 
abundance o f  a n i m a l s . Univ. Chicago P r e s s ,  Chicago.  782
pp.
Anonymous. 1978. D o u g l a s - f i r  tu ssock  moth: Program accomplish­
ment r e p o r t .  USDA A gr ic .  I n f .  Bu l l .  417. 20 pp.
Arno ld ,  C.Y. 1960. Maximum-minimum t em p e ra t u re s  as  a b a s i s  f o r  
computing h e a t  u n i t s .  Am. Soc. H o r t .  76 :682-692 .
Avery, T.E.  1967. F o r e s t  Measurements . McGraw-Hill Book 
Company, New York. 290 pp.
B a t z e r ,  H. O. ,  A.C. Hodson, and A.E. S c h n e id e r .  1954. P r e l i m i n a ry  
r e s u l t s  of  an i n q u i r y  i n t o  t h e  e f f e c t s  of  d e f o l i a t i o n  of  
aspen t r e e s  by t h e  f o r e s t  t e n t  c a t e r p i l l a r .  Minn. For .  Note 
31. 2 pp.
B a t z e r ,  H.O. 1955. Some e f f e c t s  of  d e f o l i a t i o n  of  aspen ,  Populus  
t r e m u lo i d e s  Michx. ,  s t a n d s  in  n o r th e r n  Minnesota by t h e  
f o r e s t  t e n t  c a t e r p i l l a r ,  Malacosoma d i s s t r i a  Hbn. ,  with no tes  
on p a r a s i t i s m  of  cocooning  h a b i t s  of  t h e  h o s t .  M.S. t h e s i s .  
U n i v e r s i t y  of  Mi nn. ,  S t .  Pau l .  66 pp .
99
B a tz e r ,  H.O. ,  and R.C. M orr i s .  1978. F o r e s t  t e n t  c a t e r p i l l a r .
USDA For. Serv .  F o r e s t  I n s e c t  and D isease  L e a f l e t  9: 8 pp. 
B i r ch ,  L.C. 1948. The i n t r i n s i c  r a t e  of  n a tu r a l  i n c r e a s e  of  an 
i n s e c t  p o p u l a t i o n .  J .  Anim. E c o l . 17 :15-26 .
C h u r c h i l l ,  G.B. ,  H.H. John ,  D.P. Duncan, and A.C. Hodson. 1964. 
Long-term e f f e c t s  of  d e f o l i a t i o n  o f  aspen by the  f o r e s t  t e n t  
c a t e r p i l l a r .  E c o l .  45 :630-633 .
Cochran,  W.G. 1965. Sampling T e c h n iq u e s . John Wiley & Sons,  
Inc .  New York. 413 pp.
Cunningham, H.B . ,  and J . D .  Harper .  1977. A f u n n e l - t r a p  f o r  
m o n i to r ing  f a l l o u t  from f o r e s t  canop ie s  a f t e r  i n s e c t i c i d e  
a p p l i c a t i o n s .  F l a .  Entomol . 60:263-266 
D i l l s ,  R .E . ,  and M.W. Day. 1950. E f f e c t  of  d e f o l i a t i o n  upon the  
growth of  a spen.  Mich. Agr i .  Exp. S ta .  Qua r t .  B u l l .  
33 :111-113 .
Dodge, H.R. 1961. S t u d ie s  on female s a rc opha g id  f l i e s :
Sarcophaga a l d r i c h i  P a r k e r ,  h i n e i  A l d r i c h ,  houghi A l d r i c h ,  
and Agr ia  a f f i n i s  ( F a l l e n ) .  Can. Entomol . 93 :781-785.  
Duncan, D .P . ,  and A.C. Hodson. 1958. I n f l u e n c e  of  t h e  f o r e s t  
t e n t  c a t e r p i l l a r  upon th e  aspen f o r e s t s  of  Minnesota .  For .  
S c i .  4 :7 2 -9 3 .
Dyar , H.G. 1890. The number of  molts  of  l e p i d o p t e r o u s  l a r v a e .  
Psyche 5 :420-422 .
Feeny, P. 1970. Seasonal changes in  oak l e a f  t a n n i n s  and 
n u t r i e n t s  as  a cause  of s p r i n g  f ee d in g  by w in t e r  moth 
c a t e r p i l l a r s .  Can. Entomol . 51 :565-581 .
Force ,  D. 1970. Competi t ion  among fo u r  hymenopterous p a r a s i t e s  
o f  an endemic i n s e c t  h o s t .  Ann. Entomol.  Soc. Am. 
63 :1675-1688 .
F r a e n k e l ,  G. 1953. The n u t r i t i o n a l  va lue  of  green p l a n t s  f o r  
i n s e c t s .  T r a n s .  9 th  I n t e r n .  Congr. En tomol . ,  Amsterdam 
1 9 5 1 ( 2 ) :90-100.
F r id e n ,  F. 1958. F r a s s - d r o p  f requency  in  L e p i d o p t e r a . Uppsala 
(Almquist  and W ikse l l s  B o k t r y c k e r i ) .  59 pp.
Green,  G.W., and A.S. De F r e i t a s .  1955. F r a s s - d ro p  s t u d i e s  of  
l a r v a e  of  Neod ip r ion  americanus b anks ianae  Roh. and 
Neodipr ion  l e c o n t i i  F i t c h .  Can. Entomol.  87 :427-440.
G r e e n b l a t t ,  J . A . ,  and J .A .  W i t t e r .  1976. Behavioral  s t u d i e s  on 
Malacosoma d i s s t r i a  ( L e p id o p t e r a :L a s i o c a m p id a e ) . Can. 
Entomol . 108:1225-1228.
H a r c o u r t ,  D.G. 1969. The development  and use of  l i f e  t a b l e s  in 
t h e  s tudy  of  n a t u r a l  i n s e c t  p o p u l a t i o n s .  Ann. Rev. Entomol.  
14 :175-196.
H a r r e l l ,  M.O., D.M. Benjamin,  J .G .  Berbee,  and T.R.  Burkot .  1982. 
Consumption and u t i l i z a t i o n  of  l e a f  t i s s u e  of  t i s s u e - c u l t u r e d  
Populus  X Euramericana  by th e  cottonwood l e a f  b e e t l e ,  
Chrysomela s c r i p t a  (C o leo p te ra :  Chrysomel idae ) .  Can.
Entomol . 114 :743-749.
H e i c h e l ,  G.H. ,  and N.C. Turne r .  1976. Phenology and l e a f  growth 
of  d e f o l i a t e d  hardwood t r e e s .  IN̂  Anderson,  J . F .  and J .K .  
Kaya. P e r s p e c t i v e s  in  F o r e s t  Entomology, Academic P r e s s ,  New 
York, N.Y. 428 pp.
H e r b e r t ,  H .J .  1981. B io logy ,  l i f e  t a b l e s ,  and i n t r i n s i c  r a t e  of  
i n c r e a s e  of  t h e  European red m i t e ,  Panonychus ulmi (Acarina :  
T e t r a n y c h i d a e ) . Can. Entomol . 113 :65-71 .
Hodson, A.C. 1939. B io l o g ic a l  no tes  on th e  egg p a r a s i t e s  o f  - 
Malacosoma d i s s t r i a  Hbn. Ann. Entomol.  Soc. Am. 32 :131-136.
Hodson, A.C. 1941. An e c o l o g i c a l  s tudy  o f  t h e  f o r e s t  t e n t
c a t e r p i l l a r  Malacosoma d i s s t r i a  Hbn. ,  in  n o r th e r n  Minnesota .  
Univ. of  Minn. S tn .  Tech. B u l l .  No. 148. 55 pp.
Hodson, A.C . ,  and C . J .  Weinman. 1945. F a c t o r s  a f f e c t i n g  recovery  
from d iap a u s e  and h a t c h i n g  of  eggs of  t h e  f o r e s t  t e n t  
c a t e r p i l l a r ,  Malacosoma d i s s t r i a  Hbn. Minn. Agr. Exp. Stn.  
Tech. Bui 1 .  170. 31 pp.
I v e s ,  W.G.H. 1973. Heat  u n i t s  and o u tb re a k s  of  the  f o r e s t  t e n t
c a t e r p i l l a r .  Malacosoma d i s s t r i a  ( L e p id o p te r a :
L a s io c a m p id a e ) . Can. Entomol . 105:529-543.
Iwao, S. 1962. S t u d ie s  on th e  phase v a r i a t i o n  and r e l a t e d
phenomena in  some l e p i d o p t e r o u s  i n s e c t s .  Mem. C o l l .  Agr ic .  
Kyoto Univ.  (Entomol.  No. 12) 8 4 : 1 - 8 0 .
Kulman, H.M. 1971. E f f e c t  of  i n s e c t  d e f o l i a t i o n  on growth and
m o r t a l i t y  of  t r e e s .  Ann. Rev. Entomol . 16 :289-324 .
Lindsey ,  L.A. ,  and J . E .  Newman. 1956. Use of  o f f i c i a l  wea ther  
d a t a  in  s p r i n g  t i m e - t e m p e r a t u r e  a n a l y s i s  of an Ind iana  
p heno log ica l  r e c o r d .  E c o l .  37 :8 12-823 .
Lor im er,  N. 1979. D i f f e r e n t i a l  h a tc h in g  t im es  in the  f o r e s t  t e n t  
c a t e r p i l l a r  ( L e p id o p te r a :L a s io c a m p id a e ) .  G rea t  Lakes 
Entomol.  12 :199-201 .
Mason, R.R. 1981. Host  f o l i a g e  in  t h e  s u s c e p t i b i l i t y  of  f o r e s t  
s i t e s  in  c e n t r a l  C a l i f o r n i a  to  ou tb re a k s  of  t h e  D o u g l a s - f i r  
t u s s o c k  moth, Orgyia  Pseudotsyga  ( L e p id o p te r a :  L y m a n t r i i d a e ) . 
Can. Entomol . 113:325-332.
M att son ,  W.J. J r . ,  and G.W. E r ic kson .  1978. Degree-day summation 
and h a t c h i n g  of  t h e  f o r e s t  t e n t  c a t e r p i l l a r ,  Malacosoma 
d i s s t r i a  (L e p id o p t e r a :  L a s io c a m p id a e ) . Grea t  Lakes Entomol. 
11 :59 -61 .
McMorran, A. 1965. A s y n t h e t i c  d i e t  f o r  t h e  sp ruce  budworm,
C h o r i s t o n e u r a  fu m i fe ran a  (Clem.) (L e p id o p te ra :  T o r t r i c i d a e ) .
Can. Entomol . 97 :58-62 .
Messenger ,  P .S .  1964. Use of  l i f e  t a b l e s  in  a b i o c l i m a t i c  s tudy  
o f  an expe r im en ta l  a p h id - b r a c o n i d  wasp h o s t - p a r a s i t e  sys tem. 
E co l .  45:119-131 .
M o r r i s ,  R.F.  1949. F r a s s - d r o p  measurements in s t u d i e s  of  the  
European sp ruce  s a w f ly .  Univ. Michigan Sch. Fo r .  and 
Conserv.  B u l l .  12.  58 pp .
M o r r i s ,  R . F . ,  and C.A. M i l l e r .  1954.  The dev e lo p m e n t  o f  l i f e
t a b l e s  f o r  t h e  sp ruce  budworm. Can. J .  Z o o l . 32 :282-301.
Muggli ,  J .M . ,  and W.E. M i l l e r .  1980. I n s t a r  head w id th s ,
i n d i v i d u a l  biomass ,  and development  r a t e  of  f o r e s t  t e n t  
c a t e r p i l l a r ,  Malacosoma d i s s t r i a  ( L e p id o p te ra :  
Las io campidae) ,  a t  two d e n s i t i e s  in the  l a b o r a t o r y .  Grea t  
Lakes Entomol . 13 :207-209.
Nachod, L.H. 1977. Spr ing  d e f o l i a t i o n  by f o r e s t  i n s e c t s  in
L o u i s i a n a .  I n s e c t  and Disease  Repor t .  L o u i s ia na  O f f ic e  o f  
F o r e s t r y ,  Woodworth, L o u i s i a n a .  2 pp .
Nachod, L.H . ,  and D.R. Kucera.  1971. O bse rva t ions  of the  f o r e s t
t e n t  c a t e r p i l l a r  in  south  L o u i s i a n a .  I n s e c t  and Disease  
Repor t ,  L o u i s i a n a  O f f i c e  of  F o r e s t r y ,  Woodworth, L o u i s i a n a .
2 pp.
Odum, E.P.  1971. Fundamentals  o f  Eco logy . W.B. Saunders 
Company, P h i l a d e l p h i a ,  Pa. p .  144.
O l i v e r ,  A.D. 1964. Cont ro l  s t u d i e s  of  t h e  f o r e s t  t e n t
c a t e r p i l l a r ,  Malacosoma d i s s t r i a , i n  L o u i s i a n a .  J .  Econ. 
Entomol.  57: 157-160.
O rphan ides ,  G.M., and D. Gonzales .  1971. F e r t i l i t y  and l i f e  
s t u d i e s  with Trichogramma p re t io som  and T. r e t o r r i d o m  
(Hymenoptera:  T r i c h o g ram m at id ae ) . Ann. Entomol . Soc. Am. 
64 :824-234 .
P e a r l ,  R . , and S.L.  P a r k e r .  1921. Experimental  s t u d i e s  on the  
d u r a t i o n  of  l i f e :  An i n t r o d u c t o r y  d i s c u s s i o n  of  the  d u r a t i o n  
o f  l i f e  in  D r o s p h i l a .  Am. Nat.  55:481-509.
Pond, D.D. 1961. F ra s s  s t u d i e s  of  t h e  armyworm, P s e u d a l e t i a  
u n i p u n c t a . Ann. Entomol.  Soc. Am. 54 :133-140 .
P o t t s ,  S .F.  1938. The weight  of  f o l i a g e  from d i f f e r e n c e  crown
l e v e l s  of  t r e e s  and i t s  r e l a t i o n  to  i n s e c t  c o n t r o l . J .  Econ. 
Entomol.  31 :631-632 .
P r i c e ,  P.W. 1975. I n s e c t  Eco logy . John Wiley & Sons ,  Inc.
New York. 514 p.
Rose, A.H. 1958. The e f f e c t  of  d e f o l i a t i o n  on f o l i a g e  p r oduc t ion  
and r a d i a l  growth o f  quaking aspen .  For .  S c i .  4 :335-342 .
Schramm, U. 1972. Tem pera tu re -food  i n t e r a c t i o n s  in h e rb ivo rous
i n s e c t s .  Oeco log ia  9 :399-402 .
S c r i b e r ,  J .M. 1977. L im i t ing  e f f e c t s  of  low l e a f - w a t e r  c o n te n t
on th e  n i t r o g e n  u t i l i z a t i o n ,  energy  budge t ,  and l a r v a l  growth 
o f  Hyalophora c e c r o p h ia  ( L e p id o p te r a :  S a t u r n i i d a e ) .
Oecolog ia  28 :269-287 .
S c r i b e r ,  J .M. 1978. The e f f e c t s  of  l a r v a l  f ee d in g  s p e c i a l i z a t i o n
and p l a n t  growth form on the  consumption and u t i l i z a t i o n  of
p l a n t  biomass and n i t r o g e n :  An e c o lo g i c a l  c o n s i d e r a t i o n .  
Entomol.  Exp. & Appl . 24 :494-510 .
S c r i b e r ,  J .M. 1979. E f f e c t s  of  l e a f - w a t e r  s u p p le m e n ta t ion  upon
p o s t - i n g e s t i v e  n u t r i t i o n a l  i n d i c e s  of f o r b - ,  s h r u b - ,  v i n e - ,  
and t r e e - f e e d i n g  L e p id o p te ra .  Entomol.  Exp. & Appl . 
25 :240-252 .
S c r i b e r ,  J .M . ,  and P.  Feeny. 1979. Growth of  h e rb ivo rous
c a t e r p i l l a r s  in  r e l a t i o n  to  f e e d in g  s p e c i a l i z a t i o n  and to  t h e  
growth form of  t h e i r  food p l a n t s .  Ecol' . 60 :829-850.
106
S e v a c h e r ia n ,  V. ,  V.M. S t e r n ,  and A.J .  M ue l l e r .  1977. Heat 
accum ula t ion  f o r  t im in g  Lygus c o n t r o l  measures  in a 
s a f f l o w e r - c o t t o n  complex. J .  Econ. Entomol.  70 :399-402 .
Shepherd,  R .H . ,  and C.E. Brown. 1971. S e que n t i a l  egg-band
sampling and p r o b a b i l i t y  methods of  p r e d i c i t i n g  d e f o l i a t i o n  
by Malacosoma d i s s t r i a  Hbn. Can. Entomol.  103:1371-1379.
S lanksy ,  F. J r . ,  and P. Feeny. 1977. S t a b i l i z a t i o n  of the  r a t e  
o f  n i t r o g e n  accum ula t ion  by l a r v a e  of  the  cabbage b u t t e r f l y  
on wi ld  and c u l t i v a t e d  food p l a n t s .  Ecol .  Mono. 47 :209-228 .
S lobodk in ,  L.B. 1962. Growth and R e g u la t i o n  o f  Animal
P o p u l a t i o n s .  H o l t ,  R in e h a r t  and Winston,  I n c . ,  New York.
184 pp .
Soo Hoo, C .F . ,  and G. F r a e n k e l . 1966a. The s e c t i o n  of  food
p l a n t s  i n  a polyphagous i n s e c t ,  Prodeni  a e r i d a n i a  (Cramer) .
J .  I n s e c t  P h y s i o l . 12:693-709.
Soo Hoo, C .F . ,  and G. F r a e n k e l .  1966b. The consumption ,
d i g e s t i o n ,  and u t i l i z a t i o n  of  food p l a n t s  by a polyphagous 
i n s e c t ,  Prodeni  a e r i d a n i a  (Cramer) .  J .  I n s e c t  P h y s i o l .  
12:711-730 .
Southwood, T.R.E.  1978. E c o log ic a l  Methods w i th  P a r t i c u l a r  
R e fe rence  t o  t h e  Study o f  I n s e c t  P o p u l a t i o n s . Second 
E d i t i o n .  H a l s t e d  P r e s s ,  Wiley and Sons,  New York. 524 pp .
Southwood, T . R . E . , and W.F. Jepson .  1962. S t u d ie s  on t h e
p o p u l a t i o n s  of  O s c i n e l l a  f r i t  L. ( D i p t . :  Ch lorop idae)  in the  
o a t  c rop .  J .  Anim. Eco l .  31 :481-495.
S t a r k ,  E . J . ,  and J .D .  Harper .  1982. Pupal m o r t a l i t y  in  f o r e s t  
t e n t  c a t e r p i l l a r  ( L e p id o p te r a :  Las iocam p idae ) : Causes and 
impact  on p o p u l a t i o n s  in  sou thw e s te rn  Alabama. Envi ron .  
Entomol .  11 :1071-1077.
S t e h r ,  F.W.,  and E.F .  Cook. 1968. A r e v i s i o n  of  the  Genus 
Malacosoma Hubner i n  North America (L e p idop te ra :  
Las iocampidae):  s y s t e m a t i c s ,  b i o lo g y ,  immatures and 
p a r a s i t e s .  U.S. Nat .  Mus. B u l l .  276. 321 pp.
S t e e l ,  R.G.D. ,  a n d J . H .  T o r r i e .  1980. P r i n c i p l e s  and P rocedu res  
o f  S t a t i s t i c s .  A B io m et r i c a l  Approach. McGraw-Hill Book 
Company. New York. 633 pp .
T a n i g o s h i ,  L .K . ,  S.C. Hoyt , R.W. Browne, and J .A .  Logan. 1975. 
I n f l u e n c e  of t e m p e ra tu re  on p o p u l a t i o n  i n c r e a s e  of 
T e t ranychus  m cdan ie l i  (Acarina :  T e t r a n y c h i d a e ) .  Ann.
Entomol.  Soc. Am. 68:972-978.
T a y lo r ,  W.E., and R. Bardner .  1968. Leaf  i n j u r y  and food 
consumption by l a r v a e  o f  Phaedon c o c h i e a r i a e  
(C o l e o p t e ra :  Chrysomelidae)  and P l u t e l l a  m ac u l ipe nn i s  
(L e p idop te ra :  P l u t e l l i d a e )  f ee d ing  on t u r n i p  and r a d i s h .  
Entomol .  Exp. and Appl . 11 :177-184.
T inbe rgen ,  S. 1960. The n a tu r a l  c o n t r o l  of  i n s e c t s  in  pinewoods. 
1 .  F a c t o r s  i n f l u e n c i n g  th e  i n t e n s i t y  of  p r e d a t i o n  by 
s o n g b i r d s .  Arch. N e e r l . Z o o l . 13 :266-343 .
V a r le y ,  G .C . ,  G.R. Gradwel l ,  and M.P. H a s s e l l .  1974. I n s e c t  
P o p u l a t i o n  Ecology an A n a l y t i c a l  Approach.  U n i v e r s i t y  o f  
C a l i f o r n i a  P r e s s .  212 pp .
108
Waldbauer ,  G.P. 1964. Q u a n t i t a t i v e  r e l a t i o n s h i p s  between the  
numbers of  f eca l  p e l l e t s ,  f e c a l  w e ig h t s ,  and the  weight  of  
food  e a te n  by to bacco  hornworms, P r o to p a r c e  s e x t a  ( Jo h a n . )  
(L e p idop te ra :  S p h in g id a e ) .  Entomol . Exp. and Appl .
7 :310-314 .
Waldbauer ,  G.P. 1968. The consumption and u t i l i z a t i o n  of  food by 
i n s e c t s .  Adv. I n s e c t  P h y s i o l . 5 :229-288 .
W h i t t a k e r ,  R.H. 1966. F o r e s t  d imens ions and p ro d u c t io n  in  the  
g r e a t  Smokey Mountains .  Eco l .  47 :103-121 .
Wickman, B.E. 1976. Phenology of  wh i te  f i r  and D o u g l a s - f i r
t u s s o c k  moth egg ha tch  and' l a r v a l  development  in  C a l i f o r n i a .  
Env i ron .  Entomol . 5 :316-322 .
Wiggleswor th ,  V.B. 1965. The p r i n c i p l e s  o f  i n s e c t  p h y s i o l o g y ,
6 th  ed.  Methuen, London. 741 pp.
W i t t e r ,  J .A .  197 9. The f o r e s t  t e n t  c a t e r p i l l a r  (L ep id o p te ra :  
Lasiocampidae)  in  Minnesota:  A c a s e  h i s t o r y  rev iew.  Grea t  
Lakes Entomol . 12 :191-197.
W i t t e r ,  J . A . ,  and H.M. Kulman. 1972a. M o r t a l i t y  f a c t o r s
a f f e c t i n g  eggs of  t h e  f o r e s t  t e n t  c a t e r p i l l a r  Malacosoma 
d i s s t r i a  ( L e p id o p t e r a :  L as iocam pidae ) .  Can. Entomol. 
104 :705-710.
W i t t e r ,  J . A . ,  and H.M. Kulman. 1972b. A rev iew of  the  p a r a s i t e s  
and p r e d a t o r s  of  t e n t  c a t e r p i l l a r s  ( Malacosoma s p p .)  i n  North 
America.  Univ.  Minn. Agr ic .  Exp. S tn .  Tech.  B u l l .  289. 48
pp.
109
W i t t e r ,  J . A . ,  and H.M. Kulman. 1979. The p a r a s i t e  complex o f  the  
f o r e s t  t e n t  c a t e r p i l l a r  in  n o r th e r n  Minnesota .  Env i ron .  
Entomol.  8 :723-731 .
W i t t e r ,  J . A . ,  H.M. Kulrnan, and A.C. Hodson. 1972. L i f e  t a b l e s  
f o r  t h e  f o r e s t  t e n t  c a t e r p i l l a r .  Ann. Entomol. Soc. Am. 
65 :2 5 -3 1 .
W i t t e r ,  J . A . ,  W.J. Mattson ,  and H.M. Kulman. 1975. Numerical 
a n a l y s i s  of  a f o r e s t  t e n t  c a t e r p i l l a r  (L e p id o p te ra :  
Lasiocampidae)  o u tb re a k  in  Northern  Minneso ta .  Can. Entomol. 
107:837-854.
APPENDIX
T a b l e  I .  Compar ison o f  d i a m e t e r  o f  t u p e l o  gum and wet  w e ig h t  o f
t u p e l o  gum l e a v e s .
P aram ete r  Table
F i t t e d S tandard S i g n i f i c a n c e
Param ete r Value D ev ia t ion T-Value Level
Slope 725.2297 49.18982 14.74349 0.0001






S i g n i f i c a n c e
Level
Regress ion 9.417594X108 1. 9.417594X108 217.3705 0.0001
Residua l 5.199009X107 12. 4 .3 32507x l06
Confidence i n t e r v a l  ( s l o p e )  w i th  11 D.F. = 49.18 -  T (13.64 )  <B 
<49.18 + T (13 .6 4 )
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T a b l e  I I .  Compar ison o f  we t  w e i g h t  o f  t u p e l o  gum and s u r f a c e  a r e a
o f  t u p e l o  gum l e a v e s .
Param e te r  Table
F i t t e d Standard  E r ro r
Param ete r Value o f  Es t im ate
I n t e r c e p t 1408.79 3570.08
SI ope 46.85 1.10
Ana ly s i s  of  Regress ion  Tab le
Source




S i g n i f i c a n c e
Level
Reg ress ion 2.322742E+10 1 2.322742E+10 1822.4016 0.0001
Residual 79 ,022 ,936 62 12,745,499
Confidence i n t e r v a l  ( s l o p e )  wi th  62 D.F.  = 46 .85 -  T (1 .09)  <B <46.85 
+ T (1 .09 )
113
T a b le  I I I .  Compar ison o f  we t  w e i g h t  o f  t u p e l o  gum l e a v e s  o v e r  t ime
( d a y s ) .
Param ete r  Table
Param ete r
F i t t e d
Value S ta ndard  E r r o r  o f  Es t im a te












S i g n i f i c a n c e
Level
R egress ion 2 .280 63 0.036 5 .02 0.0001
Res idual O.670 93 0.007
T a b le  IV. Compar ison o f  wet  w e i g h t  and dry  w e i g h t  o f  t u p e l o  gum
l e a v e s .
Param e te r  Table
F i t t e d
Param ete r Value S ta nda rd  E r r o r  o f  E s t im a te
I n t e r c e p t -0 .0 0 3 0.002
Slope 0 .240 0.003






S i g n i f i c a n c e
Level
R eg ress ion 0.26644 1 0.26644 8634.6 0.0001
Residual 0.00148 48 0.00003
T a b l e  V. Mean number o f  FTC l a r v a e  f e e d i n g  above each o f  20 f r a s s
t r a p s  by s i t e / y e a r  and l a r v a l  s t a g e . ='
Larval Sor r e n t o Ver r e t A11 i ga t o r
S tage
1981 1982 1981 1982 1981 1982
Ll - 3 3.77 0.53 1.29 3.36 2.23 6.96
L4 1.64 0.32 0 .85 1.71 1.15 4.83
L5 1.36 0.25 0.17 0.67 0.78 0.74
-  These d a ta  were c a l c u l a t e d  by d i v i d i n g  t h e  amount of  f r a s s  
produced by th e  development  of  each i n s t a r  ( l a b o r a t o r y )  i n t o  t h e  
amount of  f r a s s  c o l l e c t e d  f o r  t h a t  i n s t a r  from f r a s s  t r a p s  in  the  
f  i el  d.
T a b le  VI .  S u r v i v o r s h i p  ( p e r c e n t  s u r v i v i n g )  f o r  V e r r e t ,  A l l i g a t o r ,
and  S o r r e n t o  s i t e s  (1981 and 1 9 82) .
Year
V e r r e t  
1981 1982
Al 1i g a t o r  
1981 1982
S o r re n to  
1981 1982
E g g-1s t  i n s t a r 69.6% 86.6% 79.7% 67.9% 91.9% 74.2%
I n s t a r s  1 -3 -4 46.4% 60.1% 41.1% 34.5% 38.0% 44.8%
I n s t a r s  4-5 9.2% 9.2% 27.9% 13.5% 3 1 .6  % 30.9%
I n s t a r  5-pupae 4.2% 6 .7  % 19.7% 13.0% 26.6% 25.9%
Pupae-adul  t 2.1% 1.0% 2.7% 2 .8  % 0.1% 0.7%
T a b le  V I I .  ANOVA co m par ing  FTC egg mass numbers p e r  t r e e  between
u p p e r ,  m i d d le ,  and l o w e r  crown l e v e l s  f o r  a l l  s i t e s  and y e a r s
(1980 -198 3)  i n  s o u t h e r n  L o u i s i a n a .
Source














** "F" s t a t i s t i c  i s  s i g n i f i c a n t  a t  t h e  99% l e v e l  o f  p r o b a b i l i t y .
T a b l e  V I I I .  ANOVA co m par ing  t h e  number o f  FTC eg g s /m a s s  between
crown l e v e l s  f o r  a l l  s i t e s  and y e a r s  (198 0-1983)  i n  s o u t h e r n
L o u i s i a n a .
Source














T ab le  IX. ANOVA co m p ar in g  t h e  number o f  FTC egg m a s s e s / t r e e  a t
t h e  V e r r e t  s i t e  ( 1 9 8 1 - 1 9 8 2 ) .
Source




Trea tments 372.24 1 372.24 83.55**
E r ro r 111.39 25 4 .46
Total 483.63 26
** "F" s t a t i s t i c  i s  s i g n i f i c a n t  a t  t h e  99% l e v e l  o f  p r o b a b i l i t y .
T a b l e  X. ANOVA co m par ing  t h e  v i a b l e  number o f  FTC e g g s /m as s
p a r t i t i o n e d  by crown p o s i t i o n  f o r  a l l  s i t e s  and y e a r s  (1 98 1- 19 82 )






T rea tmen ts









T a b l e  XI .  ANOVA co m par ing  t h e  number o f  egg m a s s e s / t r e e  a t  t h e






Trea tmen ts 2366.36 1 2366.36 18.79**
E r r o r 3903.51 31 125.92
Total 6269.88 32
** "F" s t a t i s t i c  i s  s i g n i f i c a n t  a t  t h e  99% l e v e l  o f  p r o b a b i l i t y .
T a b le  XI I .  ANOVA co m par ing  t h e  number o f  egg m a s s e s / t r e e  a t  t h e
A l l i g a t o r  s i t e  ( 1 9 8 1 - 1 9 8 2 ) .
Source




Trea tments 314.47 1 314.47 1.94ns
E r ro r 3885.38 24 161.89
Total 4199.85 25
T a b le  X I I I .  ANOVA co m par ing  t h e  number o f  v i a b l e  eg g s /m as s  a t
t h e  S o r r e n t o  s i t e  ( 1 9 8 1 - 1 9 8 2 ) .
Source




Trea tments 8 .75 1 8.75 0.001ns
E r ro r 255522.57 20 12776.13
Total 255531.32 21
♦
T a b l e  XIV.  ANOVA co m par ing  t h e  number o f  v i a b l e  e g g s /m a s s  a t  t h e
V e r r e t  s i t e  ( 1 9 8 1 - 1 9 8 2 ) .
Source




T rea tmen ts 1041.17 1 1041.17 0.16ns
E r ro r 173616.94 26 6677.57
Total 174658.11 27
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T a b l e  XV. ANOVA co m par ing  t h e  number o f  v i a b l e  e g g s /m a s s  a t  t h e






T rea tmen ts 70495.02 1 70495.02 6.15*
E r ro r 573207.66 50 11464.15
Total 643702.67 51
* "F" s t a t i s t i c  i s  s i g n i f i c a n t  a t  t h e  95% l e v e l  of  p r o b a b i l i t y .
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